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SUMMARY 
Many studies on the identification of tree species on 
very-large-scale aerial photographs have been conducted -
primarily for northern temperate forest species. Only a few 
similar studies have been conducted for Australian eucalypt 
species. Reports commonly indicate, through comparative 
studies or through opinion only, that species separation is 
more accurately, or more easily performed on colour than on 
black and white photographs. For this to be true, the hypothesis 
must be true that individual species have relatively consistent 
crown colours which are different from other species. The 
aim of this study was to test the hypothesis by examining the 
consistency of separation of crown colours on very-large-scale 
70 mm colour aerial photographs, through quantitative colour 
measurement for a number of species of Australian eucalypts, 
and by determining the influence of season on this separation. 
An area of eucalypt forest in the Australian Capital 
Territory was photographed nine times during a twelve month 
period at a scale of 1:3000 on colour film. Densitometer 
readings were made on the crown images of 200 selected trees 
on the photographs of each run and multi-variate discriminant 
analyses were carried out on the data. The study did not seek 
to identify the species by their colour nor to compare the 
species colours between months but rather to determine the 
degree of separability which could be achieved between species 
by using crown colour alone at various times of the year. 
An index was established which took into consideration 
both the consistency with which trees of one species were 
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grouped together and the number of trees of a second species 
whose colours caused them to be grouped with the first. It 
was called the separability index and was plotted for each 
species by month. 
The results showed that the photographed crown colours 
of several species separated well throughout the year and 
that others did not. For a short period of time, the crown 
colours of two species were almost completely separable while 
they were . not highly separable for the rest of the year. 
Season did affect the separability of the crown colours 
appreciably. No single time of photography was best for the 
separation of the crown colours of all the species studied, 
but the period of best separation for the largest number of 
crown colours was in late autumn and early winter. 
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1. INTRODUCTION 
A basic component of any forest inventory or forest damage 
assessment survey, whether conducted on the ground or on aerial 
photographs, is the identification of tree species. Many 
inventory designs throughout the world incorporate .the use of 
aerial photos for forest stratification, area measurement, 
damage detection and assessment and volume estimation. The 
more information which can be accurately interpreted or esti-
mated from aerial photographs the more efficient is the 
survey. Tree species identification is information which can 
be derived from aerial photos with varying degrees of relia-
bility. The accuracy of identification depends on the train-
ing and aptitude of the photo interpreter, the film, scale 
and quality of the photography and the nature, arrangement 
and diversity of the species to be identified. 
Until recent years, the standard type of aerial photo-
graphy used for forestry purposes was medium scale (1:15 840 
to 1:31 680) panchromatic black and white film on a survey-
format paper print (7 x 7 inch or 9 x 9 inch). Increasingly, 
workers have been advocating the use of very-large-scale, 
70 mm, colour aerial photography for many forestry purposes -
particularly forest damage assessment and species identifi-
cation. 
A number of reports indicate that although colour photos 
are better than black and white for species identification, 
colour alone is not sufficient for positive identification 
and that some detail of crown morphology is a requisite. 
C nsequently, 70 mm colour aerial photographs at very large 
scales are commonly used for sampling forest conditions and 
cover types to obtain fine detail. 
2 
There have been numerous studies conducted on the art of 
aerial photo identification of northern temperate forest 
species and, to a lesser extent, of tropical forest species. 
Fewer studies have been reported on aerial photo identifica-
tion of Australian forest species in general and the eucalypts 
in particular. The trend in Australian forest inventory h~s 
been toward using aerial photographs for volume typing or 
typing for carrying capacity of merchantable timber rather 
than rigid species typing. This has been due to the diffi-
culties encountered in species identification on the small 
to medium scale, black and white aerial photographs which have 
been normally used. Attempts at using larger scales and 
colour photographs have been successful under certain condi-
tions. 
If colour aerial photographs are better than black and 
white for species identification this is due both to the more 
natural appearance of the trees on the former and to the 
ability of the film to render and the eye to discriminate 
far more hues of colour than shades of grey. However, for 
this additional information to be useful, the hypothesis must 
be true that individual species have relatively consistent 
crown colours which are different from other species. The 
aim of this study was to test the hypothesis by examining 
the consistency of separation of crown colours on very-large-
scale 70 mm colour aerial photographs, through quantitative 
colour measurement for a number of species of Australian 
3 
eucalypts, and by determining the influence of season on this 
separation. 
An area in the Brindabella Mountains in the Australian 
Capital Territory which contained several commercial and 
several non-commercial forest types and seven species of 
eucalypts was selected for the study. The same trees were 
photographed nine times during a twelve month period on a 
commonly used aerial colour film at a negative scale of 
1:3000. Two times enlarged colour diapositives were used for 
evaluation. Colour separation was attempted using a trans-
mission densitometer to measure the colour of the tree crown 
images and the data was subjected to a multi-variate dis-
criminant analysis. Sensitometry was used in order to 
eliminate the interpreter variable and to objectively quantify 
colour measurement. 
A special device for viewing small-format, transparent 
photos in the field was designed and used in this project and 
a method of stereoscopically presenting three dimensional data 
was developed. The viewer and the stereo presentation method 
are described in Appendices 2 and 3 respectively. 
For the sake of continuity, all scientific names have 
been eliminated from the text and may be found in Appendix 1. 
2. LITERATURE REVIEW 
2.1 Introduction 
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In this project densitometric techniques were employed 
to measure the film densities of the images of eucalypt crowns 
on very-large-scale, 70 mm, colour aerial photographs for the 
purpose of objective colour separation. The relevant liter-
ature can be sub-divided conveniently into three broad cate-
gories: 
1. very-large-scale aerial photography for forestry 
purposes; 
2. tree species identification from aerial photographs; 
3. sensitometry of colour films. 
In the first section literature is discussed which develops 
the background of the use of 'larger than conventional' scales 
for forestry purposes with particular emphasis on 70 mm for-
mat for damage assessment and forest inventory. The second 
section reviews the subject of species identification through 
photo interpretation with emphasis on the studies whose 
objective was species identification. Many additional reports 
mention the subject briefly. In the third section colour 
measurement by sensitometry and other means is considered. 
The author does not claim complete coverage of the literature 
but the English language publications are well covered and 
some relevant foreign language papers have been translated. 
2.2 Very-Large-Scale Aerial Photography in Forestry 
The 'conventional' scales of aerial photography 
which were used almost exclusively in the past ranged from 
1:16 000 to 1:80 ooo · and may be sub-divided into medium scales, 
between 1:16 000 and 1:32 000 and small scales, between 
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1:32 000 and 1:80 000. However, interest has increasingly 
spread to what are commonly called ultra-small scales, smaller 
than 1:100 000 (Nielsen and Wightman 1971) and to large scales, 
larger than 1:16 000 (Aldrich et al. 1959). It is the latter 
range of scales which are of concern here and these may be 
divided into large scales, between 1:4000 and 1:16 000 and 
very-large scales, larger than 1:4000. All of these limits 
and terms are purely for convenience of reference and the 
limits are not rigidly fixed nor are the terms universally 
applied. Throughout this thesis the foregoing definitions 
will be used. 
Studies concerning very-large-scale aerial photography 
were initially conducted on survey-format photos (9 x 9 inch 
or 7 x 7 inch) and occasionally this format is still used. 
However, increasingly emphasis has been concentrated on the 
smaller format of 70 mm photographs for very-large-scale 
sampling work while retaining survey formats for smaller scale 
photography. The two forestry applications of very-large-
scale 70 mm aerial photography on a sampling basis which have 
received the most attention in the literature are forest 
damage assessment and forest inventory. 
2.2.1 Survey Formats 
In the majority of forest inventory designs 
in which ground survey and aerial photographic techniques 
are combined, the prime purpose of the aerial photographs is 
to make the survey more efficient by providing information 
to stratify the forest into units which are more homogeneous 
than the forest as a whole in terms of some variable of 
interest. This is normally done on medium scale survey-
format photos. Species may be determined in some cases 
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and volume per unit area for each stand class can sometimes 
be estimated. This volume estimate, however, is for all 
species in the stand and little breakdown by species or stern 
diameter classes is possible. The strata so determined are 
then used as a basis for field plot sampling. 
A method of improving volume estimates in an aerial 
survey without field work is to obtain aerial photographs of 
sample locations at a much larger scale than the survey photo-
graphs and to treat the former as the sample plots. In this 
case the survey photographs are still used for stratification 
and area determination while the volume estimates are based 
on the large-scale sample photographs. This method was first 
successfully tested by Losee (1953) who used survey format 
photographs for area coverage at 1:7200 scale and sample plot 
photos at 1:1200 for a pulpwood inventory in Northern Ontario. 
The sample photos were strips across the area at one mile 
intervals taken with a "Panning Camera" to compensate for 
image motion which can severely blur the image on very-large-
scale photos. This camera produced 9 x 9 inch format prints 
using a 24 inch lens. Losee measured tree height, crown 
diameter and stand density on both scales and found that 
interpreters had lower standard errors and performed the 
measurements much faster on the large-scale sampling photos. 
Volume estimates, made using these measurements and stand 
volume tables, were then applied to the strata delineated on 
the smaller scale photos for the entire area. He advocated 
the adoption of the system for pulpwood surveys thus elimin-
ating completely the need for field work once the data for 
stand volume tables had been obtained. 
Other workers have used very-large-scale survey format 
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photographs for different forestry purposes. Lund et al. 
(1967) tested colour films at scales of 1:2000 and 1:3500 for 
interpretation of understorey vegetation as a forest fire 
fuel. The degree of radial displacement on the larger scale 
prevented a good view of the understorey. Benson (1974) used 
very-large-scale (1:4000) colour photographs to produce a 
vegetation map of the forest reserve on Norfolk Island in the 
South Pacific Ocean and he found the accuracy of interpre-
tation to be extremely high. 
2.2.2 70 mm Format 
Nielsen (1971) referred to numerous authors 
who have also used large-scale, survey format photos for 
tree and stand measurements. However, with few exceptions, 
studies of very large scales were performed on 70 mm format 
photographs. The reduced radial displacement produced by 
the longer focal length lenses on small format photographs, 
is one of the major advantages of the 70 mm photo over 
survey format for very-large-scale forest sampling work. 
Other advantages of the 70 mm system are the substantially 
lower cost for equipment and materials; the smaller size of 
the camera which facilitates installation, use and storage; 
the ability to view 70 mm photographs stereoscopically in 
the roll (Heller et al. 1959); the rapid film recycling 
rates and faster camera shutter speeds (Aldrich 1966); and 
the increased ease of operation afforded to the part-time 
aerial photographer. 
8 
Very-large-scale 70 mm sampling photographs for forestry 
problems have been the subject of much research over the past 
15 years or so, primarily in North America where the extent 
of and inaccessible nature of much of the forest demands the 
use of aerial sampling techniques. Morris (1970) used scales 
of 1:690, 1:1070 and 1:1900 on 70 mm format to classify size, 
quantity and height above ground for branches 0.6 to 4.5 
inches in diameter in an inventory of fine logging slash. 
Carneggie and Reppert (1969), using 70 mm photos at scales 
of 1:640 to 1:1000 for range resources inventories success-
fully detected, identified and quantified range plants and 
soil surface features such as surface erosion, disturbance 
by grazing animals, rodent burrows and trails, animal drop-
pings and dead plant material. Latham (1972) described a 
method of estimating competitive pressure on individual trees 
on very-large-scale 70 mm photos based on an extension of 
the Bitterlich angle count technique. 
2.2.2.1 Damage Assessment 
The majority of the published studies 
on damage assessment have shown that the combination of the 
two factors, very large scale and colour film provide a use-
f ul tool for sampling in forest damage surveys. Murtha 
(1972) provided a comprehensive analysis of photo interpre-
tation of forest damage in Canada in which he keyed-out 29 
different types of damage and methods of interpreting them 
on all film types and at various scales. Most of the 
( 
colour stereograms illustrating the damage types are large 
and very-large-scale 70 mm photos. 
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Aldrich et al. (1959) described the techniques of using 
very-large-scale 70 mm aerial photos for sampling forest 
insect epidemics. They saw the advantages of the system over 
ground methods as being: it samples tall trees and dense 
stands where damage is difficult to see from the ground, it 
samples more trees per area and it samples remote areas that 
are too expensive to visit on the ground. For large areas 
it was faster and cheaper than a ground survey. 
Aldrich (1966) and Aldrich and Drooz (1967) reported 
that if only insect control information was required, 
sampling with 70 mm colour film was satisfactory, while if 
both control and salvage operations were intended full 
coverage with survey format colour photographs at scales 
between 1:5000 and 1:10 000 was desirable. 
Aldrich (1966) reported using 1:1500 scale 70 mm colour 
photographs for nine years in a surveillance of spruce bud-
worm defoliation and subsequent mortality of infected balsam 
fir stands in Minnesota. He aimed to predict, by photo 
interpretation and ground counts of the insect population, 
when aerial control would be most appropriate. Although the 
correlation between ground and photo counts of defoliated 
trees was high, .damage had progressed too far for control 
measures to be effective by the time mortality could be 
detected. 
The technique of sampling forest damage with very-
large-scale 70 nun aerial photographs has been applied to 
many different insect and disease problems. The following 
examples demonstrate a few: Aldrich et al. (1959) - white 
pine weevil damage; Croxton (1966) - ash dieback; Heller 
(1968) - Black Hills bark beetle damage to ponderosa pine; 
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Heller et al. (1967) - balsam woolly aphid damage; Houston 
(1972) - basal canker of white pine; Murtha and Kippen (1969) -
fomes root rot of red pine; Wert et al. (1970) - smog damage 
to several conifer species; and Wert and Wickman (1970) 
Douglas fir tussock moth damage. These studies vary in 
degree of success, symptoms interpreted and methods used but 
they all demonstrate the usefulness of very-large-scale 
photographs as an aid in detecting and evaluating damage to 
forest trees. 
In Australia far less work has been reported on damage 
assessment using similar techniques. Bradshaw (1974) used 
a two stage sampling system to detect eucalypt dieback in 
jarrah forests in Western Australia. On the very-large-scale 
photos (1:3000) detection of the disease was based on 
symptoms in individuals of the understorey vegetation. 
Myers (1973) found a scale of 1:3000 on 70 mm colour photos 
best out of eight film-scale combinations for classifying 
degree of dieback in southern Tasmania regrowth eucalypt 
forests. Five classes of dieback were discernible on this 
f ilm-scale combination. 
2.2.2.2 Inventory Applications 
Although accurate qualitative infor-
mation concerning forest damage and species identification 
(see section 2.3) could be obtained from very-large-scale 
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aerial photographs, workers studying the forest inventory 
applications of the technique had several major obstacles to 
overcome in order to obtain accurate quantitative information 
on tree and stand parameters such as tree height, crown 
dimensions and stand density. Two of these obstacles were: 
1. unsharp photos due to image motion and 2. the inability 
to easily and accurately determine scale (Sayn-Wittgenstein 
1962). 
The problem of image motion was overcome by the use of 
very fast shutter speeds on 70 mm reconnaissance cameras 
(Aldrich et al. 1959). The second problem, that of accurate 
scale determination has been overcome with the development 
for the Canadian Forest Management Institute of a radar 
altimeter which effectively penetrates vegetation to provide 
a sufficiently accurate measure of aircraft flying height 
above the ground at the time of exposure. A number of reports 
describe tests of its performance (Aldred and Sayn-Wittgen-
stein 1968 a; Aldred and Sayn-Wittgenstein 1968 b; Nielsen 
1974 a; Nielsen 1974 b). 
Avery (1958) and Lyons (1961) attempted to solve both 
problems (image motion and scale determination) by use of 
fixed-base helicopter photography. They made simultaneous 
exposures over sample plots with two 70 mm cameras situated 
at either end of a boom mounted beneath the helicopter. The 
studies showed that relatively vibration free photographs 
could be produced in this manner and that flying height 
above ground level could be determined with a considerable 
degree of accuracy - standard error of 1.76 percent for a 
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flying height of 250 feet and 6.9 percent for a flying height 
of 1000 feet (Lyons 1961). Avery (1958) found that the 
helicopter stereograms were slightly superior to 1:20 000 
scale prints for determining average tree heights and average 
crown diameters and that the differences between black and 
white and colour were not significant except for estimates 
of crown closure where black and white was better than colour. 
In further studies of helicopter photography Lyons (1964) 
developed· single-tree photo volume tables for Douglas fir 
and lodgepole pine. Plot volumes were compiled by using 
the photo volume tables and photo measurements and by 
standard ground methods. The difference between the ground 
and photo estimates was not significant on a paired sample 
basis. Lyons (1966) pointed out that helicopter stereo-
photography had an additional advantage over fixed wing 
stereo-photography, in that the effects of differential 
tilt between successive photos and the effect of wind sway 
on parallax measurements (Aldred 1964) were eliminated. 
A third major obstacle to be overcome in order to 
obtain accurate estimates of tree volume on very-large-scale 
aerial photographs was that stem diameter at breast height, 
a prequisite for normal ground volume estimation, was not a 
measureable photo parameter (Sayn-Wittgenstein 1965). Aldred 
and Kippen (1967a) postulated that very-large-scale 70 mm 
oblique aerial photos might allow more accurate d.b.h. 
estimation and the ability to examine a higher proportion of 
tree diameters directly. In a trial comparing obliques (15 
degrees off vertical) and verticals they concluded that only 
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about 30 percent of the trees photographed could be measured 
for d.b.h. and height on the obliques due to the lower portion 
of trees being obscured from view by the crowns of other 
trees. The complexity and time involved in scale determin-
ation was another major disadvantage of the obliques. The 
method was not recommended. 
A series of articles describe the program of studies 
undertaken by the Canadian Forest Management Institute on 
the relationships between photo measurable parameters and 
d.b.h. and tree volume (Sayn-Wittgenstein and Aldred 1967; 
Aldred and Kippen 1967b; Bonnor 1968; Aldred and Sayn-
Wittgenstein 1972; Sayn-Wittgenstein and Aldred 1972). Sayn-
Wittgenstein and Aldred (1967) reported reducing 17 combin-
ations of 7 measurable variables to 11 potentially useful 
combinations of 5 variables for estimating tree volumes on · 
1:1200 scale 70 mm photos by regression trials. The notably 
useful variables were tree height, crown area, the product 
of the height and the logarithm of crown area (most powerful) 
and expressions of a tree's relationship to its neighbours. 
These parameters were then combined in regressions to 
estimate d.b.h. and volume. In the more recent articles in 
the series Sayn-Wittgenstein and Aldred (1972) report that 
although one would expect that the measures of relationships 
to neighbours should affect estimation of d.b.h. and volume, 
there was little evidence that these were useful variables. 
Other results of the program included: the estimation of 
tree diameters by photo measurement of tree shadow was 
definitely not recommended; crown area was a more reliably 
14 
measured and more useful variable than crown width; and 
when measuring crown area with dot grids a density of about 
17 dots per crown was optimal considering accuracy and 
measurement time. 
While the above-mentioned workers used the tree volume 
table method for volume estimation, Weber (1965) produced a 
useful aerial stand volume table based on 1:1584 scale 70 mm 
colour photographs for estimating losses of white spruce and 
balsam fir due to spruce budworm attacks. He found that the 
two photo measurements which were good predictors of volume 
were average stand height of the dominant and codominant 
host species and crown closure percent. 
Aldrich (1971) put the use of very-large-scale 70 mm 
aerial photographs into perspective in a multistage forest 
inventory of a large portion of the Mississippi Valley. It 
was a 5-stage inventory using photographs at 3 stages and 3P 
sampling at each stage. The third stage consisted of measure-
ment of stand parameters on 1:2000 scale 70 mm colour aerial 
photo plots. Stand height, crown diameter and crown closure 
were measured and plot volume determined from a composite 
volume table. By measuring only 60 tree volumes on 10 ground 
plot s Aldrich obtained a volume estimate of 7680 square miles 
with a sampling error of 13 percent. 
2.3 Tree seecies Identification from Aerial Photographs 
2.3.1 Basic Principles 
Timber type delineation may often be accom-
p lished on the basis of characteristic tones and patterns. 
However, fairly precise identification of the species 
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composition of the types is frequently desirable and this 
subject has received much attention from aerial photo inter-
preters. The larger the number of species in a mixture and 
the greater their similarity of appearance, the more diffi-
cult is the identification task. The degree to which species 
can be recognised also depends largely on the quality, scale 
and season of photography, the type of film used and the 
interpreter's training. With respect to the general problem 
of tree species identification Zsilinszky (1964) said: 
Of all the items to be evaluated on medium-
scale photographs, the identification of tree 
species is the most difficult. The shape, 
texture and tone of the crown may be altered 
by the age and site conditions; in addition 
its photographic image may be influenced by 
the date of photography, altitude of the sun, 
haze, clouds, type of camera, film and filter, 
gamma, photographic scale, printing paper, and 
the method of printing. Even with rigid 
specifications it is not possible to obtain 
consistent photography of large areas. Never-
theless, the recognition of tree species is 
quite possible. 
Zsilinszky discussed the problem of individual trees 
appearing differently on consecutive photographs because of 
their different locations on the format of the print. With 
the smaller angles subtended by the axis of the format (or 
larger focal length to picture ratios) - of large-scale 70 mm 
photographs (Spencer 1975) this becomes less of a problem 
since the trees are closer to their true orthogonal position. 
It nonetheless remains a factor to be considered in any 
interpretive study. 
Lighting has a similar effect in that, on the 'up sun' 
side of the photogra~h the shaded side of the tree is imaged 
while on the 'down sun' side of the photo the tree is more 
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fully illuminated. Interpretation is difficult in the fully 
illuminated area since there is a lack of shadows which 
normally assist in providing a good perception of relief. 
This situation is particularly emphasised when the solar 
altitude is very low at the time of photography. 
A closely related problem which may occur when the 
photography is taken while the solar altitude is very high 
is shadow point (Sims 1961). If the photographed area in-. 
eludes the point at which an imaginary line from the sun 
through the aircraft hits the ground, a complete lack of 
shadow causes a very light toned area on the photo in which 
interpretation is very difficult. Among others, Anon (1955) 
and Heath (1973) describe methods for avoiding this undesir-
able phenomenon. Again it is less of a problem with the 
larger focal length to picture ratios of 70 mm photos. 
The characteristic features of the trees themselves 
which are used for identification by photo interpreters on 
medium-scale black and white prints are the crown shape and 
texture, stand patterns and photographic tone. Zsilinszky 
(1964) gives diagrammatic examples of characteristic crown 
shapes using such descriptive terms as conical, oval, tri-
angular, concave, billowy, tufted, rounded, umbrella shaped 
etc. Many of the shapes are descriptive of the coniferous 
species of the boreal forest and bear little resemblance to 
the eucalypts of Australia. He claimed that stand pattern 
was useful and distinctive for many species and, particularly 
in the case of very young stands, it might be the only 
characteristic feature identifiable. The relationship 
between tones of tree crown images may also be a very 
useful characteristic feature. 
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Zsilinszky (1963) presented a comprehensive and 
practically oriented photo interpretation manual for identi-
fication of tree species in Ontario which was well illu-
strated with actual photo-stereograms at 1:15 840 scale on 
black and white film. In the manual he emphasised the use of 
the above-mentioned features for identification. 
Sayn-Wittgenstein (1960) also provided a manual for 
photo interpretation of Canadian tree species with a some-
what different emphasis. He considered the problem not only 
on small and medium scales but also on large and very-large-
scale black and white photos. He pointed out the importance 
of the elimination process - eliminating from consideration 
species whose presence in an area is impossible or highly 
unlikely due to location, physiography or climate, and the 
importance of local knowledge of the common species associa-
tions and their ecological and site requirements. He felt 
that species identification on small-scale photos was "more 
of an art than a science" and that as scale increased photo 
tone, texture and shadow pattern became less important and 
crown morphology became the prime identifying feature. On 
scales of 1:600 most species could be recognised almost 
entirely by their morphological characteristics such as 
crown shape and branching habit. He discussed some of the 
crown characteristics that were usefui such as the type of 
foliage, which affected the tone. Trees with large or 
glossy leaves such as sugar maple or red oak appear lighter 
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than trees with small dull leaves such as white elm. The 
shadows within the crown and the shadows on the ground were 
useful indicators of crown shape. 
Sayn-Wittgenstein (1960) observed that conifers were 
more easily recognised than hardwoods because most of the 
former have a definite and characteristic shape while hard-
woods tend to be more irregular. The role of a knowledge 
of the ecological and silvicultural characteristics of the 
species concerned was also considered. This was not a basis 
for definite identification but a useful aid for elimination. 
Sayn-Wittgenstein (1961) reported on the usefulness of 
phenology for the separation of Canadian tree species. Such 
phenological information as order of leaf flushing in spring, 
colour of flushing foliage, order of flowering, order of leaf 
colouring in autumn, colour of leaves in autumn and order of 
leaf fall were most useful for identification of species. 
The aforementioned publications by Zsilinszky and Sayn-
Wittgenstein provide the basic principles of species identi-
fication. There are numerous other reports in the world 
literature on the use of colour or black and white aerial 
photos at various scales for the identification of tree 
species. Some uses are operational, others semi-operational, 
and they achieve varying degrees of success. 
2.3.2 ·Northern Temperate Forests 
Four broad generalisations can be drawn from 
the published literature on species identification on aerial 
photographs: 
1. with proper techniques a very high degree of 
reliability can be achieved in certain forest 
conditions and for certain species; 
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2. colour aerial photographs are usually significantly 
better than black and white for species· identi-
fication; 
3. colour alone is not sufficient for positive identi-
fication but features of crown morphology must 
also be considered; and 
4. very-large-scale photos are necessary to reveal 
the pertinent details of the crown morphology. 
Lyons (1967) claimed that in his studies, species 
identification from the photo interpretation of very-large-
scale, 70 mm, black and white photographs was, practically 
speaking, as good as ground identification of species for 
British Columbia conifers. In two areas with more than 1000 
trees each, less than one percent were incorrectly identified. 
Westby et al. (1968) reported that on 1:1200 scale black and 
white winter photos in eastern Canada trees could be placed 
into their genera with 98 percent accuracy and identified at 
the species level with 73 percent accuracy. Small trees of 
similar looking species comprised a large proportion of the 
errors. Aldred and Kippen (1967a) found species were more 
easily identified on very-large-scale oblique photographs but 
the accuracy was not significantly better than on vertical 
photos. 
Many researchers have found that colour films provided 
more additional useful information for species identification 
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than did black and white films. Hostrop and Kawaguchi (1971) 
stated that colour provided a 30 to 40 percent increase in the 
chance of correct species identification over black and white. 
Other workers studying northern mixed hardwood-conifer forests 
in North America, found colour significantly better than 
black and white for species identification (Heller et al. 
1964; Parry et al. 1969; Sayn-Wittgenstein 1962). The find-
ings were not unanimous, however, as Pope (1957) found no 
differences in species identification accuracy between black 
and white and colour at scales of 1:10 000, 1:5000 or 1:2500. 
He found this puzzling and offered several possible explana-
tions such as image motion and haze problems. 
Most studies of species identification on colour aerial 
photographs have shown that colour alone is not a sufficient 
criteria for accurate interpretation but that features of 
the crown morphology must be used also. To achieve a high 
degree of accuracy large scales are therefore required as 
well as colour film. Krumpe et al. (1971) found it possible 
to separate six of the southern deciduous hardwood species in 
Tennessee solely on the basis of colour on scales ranging 
from 1:3900 to 1:10 000. Other separations, however, required 
the additional information of crown morphology for positive 
identification. Lauer (1968) attempted to identify five 
coniferous species in heterogeneous cover types on 1:7000 
scale colour photographs but found the scale unsatisfactory. 
He subsequently used 1:2000 scale colour photos as a sub-
sample with increased accuracy. Pope (1957) found scales of 
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1:5000 and 1:2500 better than 1:10 000 and 1:12 000 for tree 
species identification; Heller et al. (1964) used 1:1188, 
1:1584 and 1:3960; and Parry et al. (1969) used 1:5000. 
Aldrich (1966) stated that there was a limit beyond 
which the additional accuracy attained by a further increase 
in scale was not economically justifiable. This limit was 
1:1500, at which scale the accuracy of experienced interpreters 
was about 90 percent for all tree species. 
The principles of multispectral remote sensing and com-
puter analysis have also been used for species identification 
in North America. Lauer (1969) reported that 90 percent of 
all mature and overmature sequoias on a test area in California 
were correctly identified on 1:6000 multispectral photographs. 
He estimated a survey of the entire forest using this imagery 
and limited ground checking would have been one tenth as 
expensive as a full ground survey. Remote sensors other than 
aerial photographs have also been used. By means of a multi-
spectral scanner Rohde and OJson (1972) collected data in six 
spectral regions between 0.4 and 1.0 micrometres of a forest 
consisting of blocks of pure species. The data was processed 
in the University of Michigan's Spectral Analysis and Recog-
nition Computer. The system successfully separated coniferous 
and broadleaved trees. Specific recognition of a number of 
northern hardwoods and separation of pine from spruce was 
successful. This technique involved totally automated inter-
pretation based on reflectance alone. 
Sayn-Wittgenstein & Aldred (1970) provided a method, by 
computer simulation, for analysis of the probability of mis-
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interpreting tree species on aerial photographs. The matrix 
of probabilities is derived from past experience based on 
such factors as the species concerned and size of the tree 
(some species are commonly mistaken for others and small 
trees often haven't developed the characteristic shape of the 
species). 
Medium to large-scale colour photographs have also been 
used to advantage for species identification in the Middle 
European countries. However, the intensive form of manage-
ment of small blocks of forest which is practiced in Europe 
requires timber volume data for each individual forest stand 
and thus very-large-scale sampling photos are not applicable 
as they are in North America (Kenneweg 1971). Rabenau (1973) 
reported that seven interpreters found 1:6000 to be "vastly 
superior" to 1:10 000 and 1:15 000 for the identification of 
six species in a mixed hardwood-conifer forest in Austria 
but larch was difficult to recognise under any circumstances. 
Colour diapositives were the best combination of film and 
medium with the best interpreter achieving 75 percent correct 
interpretation. 
2.3.3 Tropical Forests 
Photo interpretation of species is a far more 
difficult task in tropical forests than in the temperate 
forests of North America and Europe. In the temperate forests 
the photo interpreter is usually concerned with only a dozen 
or so species in an area and often as few as five or six. 
In the diverse comm~nity of the tropical rain forest however, 
several hundred species may exist within a few square kilo-
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metres. The problem is further complicated by the fact that 
many of the species are very difficult to identify on the 
ground and have never been identified on aerial photos. De 
Milde and Sayn-Wittgenstein (1~73) reporting on a study of 
rainforest species identification in Surinam on photos of 
1:1000 to 1:5000 scale, found that the photos contained a 
vast amount of information but it was difficult to organise 
it into an efficient key for tree identification. They 
attempted · to recognise only the 25 commercially important or 
indicator species. They f ound such morpholog ical fea tur e s 
as crown size in combination with crown dominance, crown 
shape, crown surface, leaf density and characteristics and 
branching habit all useful features but concluded: "morpho-
logical characteristics alone seldom allow the identification 
of individual species. However, they will permit the identi-
fication of groups containing several species; further 
classification will have to rely on colour". They concluded 
that colour photography was essential if useful levels of 
accuracy were to be attained. At that stage of the project 
they felt colour infrared did not offer any additional 
information over true colour film. 
Nyysonen (1962) reviewed investigations in the 1950's 
into the identification of tree species in the tropics. In 
all the studies quoted, medium to small-scale black and white 
p r ints were used and invariably few species could be identi-
fied. The trend was for one or two species to be discernible 
on the basis of emergence or very distinctive crown shape or 
other unusual features. 
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There are some examples of studies in tropical rain-
forests using large-scale colour photos for the detection of 
a single valuable species. Clement and Guellec (1974) studied 
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the possibility of identifying Okoume on 1:5000 colour dia-
pos i ti ves in the dense tropical fores ts of Gabon. . Seventy 
" three percent of the Okoume were identifiable on the basis of 
crown structure, texture and colour but confusion with certain 
other species was possible in many cases. The use of a densi-
tometer was recommended for making finer and more reliable 
separation. 
2.3.4 Australian Forests 
A search of the literature on Australian 
experience with photo interpretation of tree species revealed 
few published references to the topic either on a general 
level or specific 'in depth' studies. A number of unpublished 
departmental reports and personal communications have been 
used to supplement the published literature on the topic. 
Aerial photographs have been commonly used for forest 
typing at scales of 1:15 840 or smaller on black and white 
prints in Australia. At these scales most species of 
eucalypts are inseparable and consequently the trend has been 
toward volume typing of merchantable stands (Hemmings 1949; 
Lawrence and Walker 1954). Uniform patches of alpine ash and 
mountain ash in Victoria were separable from gum-stringybark-
peppermint types only on scales larger than 1:14 400 (McKenzie 
1949). 
Humphreys (1961) described the role of 1:15 840 scale 
black and white prints in the preparation of management plans 
for mixed eucalypt forest on the North Coast of New South 
I . 
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Wales. In this area the forests are very heterogeneous in 
site quality, species associations and economic value. 
Separation of communities with grossly different botanical 
characteristics such as rainforest and brush box stands from 
eucalypt forests was rapidly and accurately accomplished on 
aerial photographs but for the most part species typing of 
the eucalypt forest was not possible on the photos. Two 
eucalypt species with distinctly different photo appearance, 
blackbutt and needlebark stringybark were identifiable but 
"None of the other eucalypt associations contain species which 
can be identified photographically". Type boundaries of 
other eucalypt associations were therefore alsmost invariably 
typed with large errors and "the type map is really only a 
rather ornate locality sketch of the types .... If the future 
requires more extensive management of the poorer eucalypt 
types, it will be necessary to use heterogeneous areas unless 
a new photo interpretation technique for the delineation of 
the eucalypt associations is developed". 
In an attempt to improve the techniques of species 
identification on 1:15 840 scale black and white aerial 
photos, a test was made comparing infrared and panchromatic 
films on the North Coast forests (Holmes 1956). A subjective 
crown tone classification system was established to compare 
the films. The author concluded that the infrared film 
showed "some advantages and some disadvantages over panchro-
matic photography but panchromatic photography is preferred 
for general forest interpretation". 
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In a pulpwood inventory of the Boola Boola Forest in 
Victoria, 1:7920 scale black and white aerial photographs 
were used for delineation of timber types (Dahl 1954). Only 
one species, apple box, showed up separately due to its dis-
tinctive crown colour. This species, conveniently, was not 
suitable for pulpwood while all the others were. For this 
reason the forest was classified into stands of various 
carrying capacities of merchantable timber. 
Some Australian forest situations do lend themselves to 
species identification from small scale aerial photographs 
due to the relatively simple composition of the forest. In 
the main commercial forest area of karri in Western Australia, 
it occurs either 1n pure stands or 1n mixtures with marr1. 
Bradshaw (1970b) found 1:40 000 scale black and white photos 
taken in the summer better than 1:15 840 and 1:7920 prints 
for the separation of pure karri, pure marri and mixed karri-
marri stands. The separation was based on tonal differences 
resulting from the heavy flowering of marri at this time. 
Interpretation was better in the shadow point area and 
Bradshaw recommended that it should be sought in future f ly-
ing for this purpose. Forrest (1972 personal corrununication 
N.S.W. For. Comm.) found winter photography with its long 
shado_ws necessary to separate cypress pine and belah in the 
open forests of western New South Wales on 1:40 000 sca l e 
black and white photos. Interpretation relied prima rily on 
the basis of shadows revealing crown shape since the two 
species appeared very similar in vertical view. 
Howard (1968) comparing several scales of black and 
white photos ranging from 1:80 ooo · to 1:2700 for separation 
of several eucalypt species in Victoria found that photo 
tone was the most important characteristic at smaller scales 
and that this was gradually replaced by crown structure at 
larger scales. When photo tone was the primary factor tree 
species identification did not improve between 1:80 000 and 
1:10 000. 
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Several workers have tried to solve the problem of 
photographic identification of eucalypt species by use of 
large-scale colour aerial photographs. Sims and Benson (1966) 
reported success in separation of several species of 
eucalypts on 1:8000 scale colour transparencies. The study 
was carried out on the mountain ash and other forests in 
Victoria which are relatively simple in structure and 
species composition (large areas of relatively pure even-
aged stands). The features which facilitated separation of 
several species on colour were not visible on colour infrared 
film. In a later trial in the more complex forests of 
eastern Victoria (mixtures of six to eight species) Benson 
and Sims were unable to identify individual species on 1:8000 
scale colour photographs (Benson 1975 personal communication 
For. & Timb. Bur. Canberra). 
Incoll (1966) . found interpretation of mixed species of 
eucalypts in Victoria slightly more accurate on colour than 
on black and white photos at 1:15 840 scale, and he achieved 
an accuracy of between 60 and 85 percent for four individual 
tree species on the colour photos. 
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Spencer (1966) reported being able to separate species 
types in the mountain ash forests of Victoria on 1:7920 
colour transparencies and that these boundaries could not be 
seen on black and white photographs. Spencer (1969) had 
success in distinguishing shining gum from its associated 
species in Victoria by emphasising the reddish tinge caused 
by leaf flush during November and December with colour com-
pensation filters in the printing of colour aerial photo-
graphs. Spencer and Pook (1971) reported using colour prints 
at a scale of 1:15 840 operationally to identify the three 
main spieces in the ash forests: mountain ash, alpine ash 
and shining gum. 
Evaluation trials of 1:8000 and 1:16 000 colour photo-
graphs in Queensland indicated that species identification 
was very difficult in both the subtropical rainforest and 
the high quality eucalypt forest. This was a reflection of 
the highly complex nature of the species associations rather 
than a reflection on the quality of the photographs. In 
the dry western cypress pine forests the separation of cypress 
pine and bull oak was readily accomplished (Anon. 1969). 
Based on a study in which more than 1000 trees were 
classified for colour on 1:8000 scale colour prints in New 
South Wales, Graham (1970) concluded that except in certain 
situations species identification or species typing could not 
be accomplished on the basis of colour consistency. The 
exceptions were cypress pine, apples versus eucalypts, and 
two New England Tableland eucalypt species. Without field 
work it was not possible to identify any species on colour 
alone. 
In contrast to North American attempts to identify 
tree species on very-large-scale colour photos as mentioned 
earlier, Australian workers have mainly used only medium to 
large scales: Incoll (1966) - 1:15 840; Spencer (1966) -
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1:7920; Sims and Benson (1966) - 1:8000 and 1:16 000; Anon 
(1969) - 1:8000 and 1:16 000; Graham (1970) - 1:8000; Spencer 
and Pook (1971) - 1:15 840. However, several reports of the 
use of larger scales are available (Gittins, 1972; Howard and 
Gittins, 1971). 
Bradshaw (1970a) compared 1:4000 scale black and white 
prints with colour photos at the same scale for separation 
of karri and marri in Western Australia. He concluded that 
overall accuracy was only marginally improved by colour and 
colour did not give any added advantage to inexperienced 
interpreters. Reliability of interpretation was strongly 
associated with both field identification and photo inter-
pretation experience. There appeared little difference 
between colour prints and colour diapositives. Bradshaw 
stressed that differences in scale, season and weather 
conditions could cause wide variations in the results of such 
tests. 
Gittins (1974) reported that for several types of mixed 
species forest in Victoria colour film at very large scales 
was better than black and white or colour infrared film for 
species identification. He found 1:5000 scale for denser, 
wet sclerophyll forests and 1:3000 to 1:2000 scale for open 
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dry sclerophyll forests and open woodlands best for differ-
entiation of a number of species of eucalypts. The larger 
scales for open forests were required due mainly to the 
typically sparse crowns of the trees. Like Bradshaw, Gittins 
stressed the importance of season and time of day of photo-
graphy to the results of in~erpretation. He claimed the 
best time of year for species identification was late summer 
for wet and dry sclerophyll forests and early autumn for open 
woodland. The best time of day was dependent mainly on solar 
0 0 
altitudes and between 55 and 68 was optimum. 
2.4 Sensitometry of Colour Films 
The use of colour films for forest photo interpre-
tation has become widely accepted (Heller 1971; Kenneweg 1971; 
Myers 1974). Many reports indicate that the information con-
tent on colour aerial photographs is considerably greater than 
that on panchromatic black and white photos. To maximize the 
interpretation of this additional information various methods 
of colour measurement have been used. The methods fall into 
two categories: 
1. those in which the photo colour is visually matched 
with standardized colour chips and 
2. those using sensitometric measurements of the films 
with specialized equipment. 
The former are subject to interpreter bias since each person 
perceives colours differently and since the colours of objects 
on the photographs are seldom uniform patches, but rather they 
are composed of intricate arrays of various colours. For 
instance, the image of a tree crown on a large-scale 
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photograph is likely to consist of a large number of subtle 
variations in colour attributes such as hue, lightness and 
intensity. In favour of the visual matching system is the 
fact that sophisticated equipment is not required and the 
process is relatively simple. 
Many systems of classification of colours have been 
devised, varying in their degree of refinement of colour 
description. These systems have been summarized into six 
levels by Kelly (1965). 
The first or most basic level has just 13 subdivisions 
being merely hue names such as red, green, blue etc. The 
sixth level, the level in which the greatest accuracy of 
colour identification is possible, is illustrated by systems 
which break down colour descriptions into about 5 000 000 
subdivisions. Probably the level of visual matching most 
widely used by forest photo interpreters is the fourth level 
exemplified by the Munsell system. The Munsell Book of Color 
(Munsell 1966) contains nearly 1500 standardized colour chips 
which have been prepared with great care to exemplify equally 
spaced scales of hue (spectral position), value (lightness) 
and chroma (intensity). Krurnpe et al. (1971) and Parry et al. 
(1969) used the Munsell colour chips for visually separating 
tree species on transparent colour aerial photographs. In 
a similar study Heller et al. (1964) copied the Munsell charts 
onto 35 mm colour film in order that the colour standards 
and the tree crown images might both be viewed with trans-
mitted light. The copied Munsell charts were compared with 
the photographs in a specially built colour comparator device. 
Gourley et al. (1968) described a technique for rapidly and 
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automatically determining Munsell notations of colours on 
aerial photographs using a reflection densitometer. The 
technique was developed by taking densitometer measure-
ments with red, green, blue and visual density filters on 
every chip in the Munsell Book of Color. Munsell notations 
for the photographic colours were then determined by taking 
readings with the four filters and working through a series 
of graphs. 
The sixth level described by Kelly (1965), the level in 
which the greatest accuracy of colour identification was 
possible, is characterized by the method which was adopted 
by the Commission Internationale de L'Eclairage, (known as 
the CIE method) and is equivalent to the division of colour 
into about 5 000 000 divisions. This degree of accuracy is 
realizable only through the measurement of colour with a 
spectrophotometer and as such comes into the second category 
of colour determination - the use of sensitometry. 
Sensitometry has been defined as ''The science of measur-
ing the sensitivity and other photographic characteristics 
of photographic materials" (Smith 1968). The science of 
sensitometry of colour films for control of processing and 
printing is well developed and describ~d (Cretcher and Reed 
1968; Current 1967; Eastman 1965). However, the literature 
of concern here is only that pertaining to the use of sensi-
tometric techniques in the measurement of colour on aerial 
photographs for the purpose of photo interpretation. There 
are several variations in the nature of the equipment used 
and the measurements made but each method basically is an 
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attempt to determine the contribution of each of the three 
film dye layers to the visual colour formed on the photo-
graphic film. Using this data various types of graphical or 
statistical analyses are performed in order to separate and 
identify the measured objects. 
Hansen (1973) used a microspectrophotometer to measure 
the film transmittance at a wavelength equivalent to the 
maximum densities of the dye layers. The transmittance data 
were converted to analytical density for the three dye layers 
and a statistical test of object similarity or dissimilarity 
was conducted for all possible pairs of objects measured. The 
method was not as accurate for object recognition as an 
analysis based on the complete spectrophotometric curve of an 
imaged object but it allowed analysis on just three measure-
ments which may be taken with a densitometer using three 
narrow band pass filters each corresponding to the peak of 
the curve of one of the dye layers. 
Another method described by Helbig and Tzschupke (1972) 
using a Chromagraph Colour Scanner involved making colour 
separations on black and white film through beam splitting 
on colour infrared transparencies. The densities were 
analysed on the black and white separations. They described 
the use of the technique to map different levels of damage 
to forest stands ~aused by air pollution, to measure the 
effect of several fertilizer treatments on plantations and 
to separate species of trees. In each case analysis was done 
on the separation frqm the cyan dye layer (sensitive to near 
infrared radiation). 
( 
Many workers have used microdensitometers to determine 
dye layer density on colour aerial photographs for inter-
pretation of species and terrain types. A microdensitometer 
is an instrument which measures the density of a very small 
portion of a photographic image at spectral levels selected 
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to be compatible with the sensitivity levels of the dye layers 
of the photographic material. In this respect it is different 
from a microspectrophotometer which measures the transmit-
tance of an image at particular isolated wave-lengths. 
In early trials using a microdensitometer Doverspike 
et al. (1965) found that colour density alone was not suf-
ficient to differentiate between several land uses on 1:1188 
scale colour photographs. The aperture size caused signifi-
cant differences in the results but did not affect the 
accuracy of differentiation of land use classes. The shape 
of the aperture was not significant. 
Ciesla et al. (1971) used colour and colour infrared 
aerial photographs to measure the amount of foliage saved 
by aerial application of experimental chemicals to suppress 
infestations of the forest tent caterpillar. Microdensito-
meter scans of three treatment plots revealed significant 
differences in optical density of the cyan dye layer on 
colour infrared film. However, these differences could not 
be directly attributed to the amount of foliage saved since 
slightly different species composition occurred on the three 
plots which would also affect the density. 
Driscoll et al. (1974) using similar techniques found 
that discrimination was possible between individual shrub 
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and tree species in a pinyon pine/juniper community on 1:1100 
scale and between six general plant communities on 1:35 000 
scale photos, both on colour infrared film. Measured and 
visual comparisons indicated that the best discrimination was 
obtained with a green filter in the microdensitometer. 
Krurnpe et al. (1971) devised a key to five tree species . in 
the shortleaf pine community in Tennessee based on micro-
densitometer readings of the three dye layers plus a neutral 
density reading on the same point. Aldrich (1971) used 
microdensitometry with Apollo 9 colour infrared photos at a 
scale of 1:2 430 000 to identify 11 land units. Cihlar and 
Protz (1972) achieved an overall accuracy of 39.7 percent in 
separation of 16 soil mapping units on colour aerial photo-
graphs using microdensity measurements and discriminant 
analysis. 
Microdensitometers are expensive and sophisticated 
pieces of equipment which usually incorporate a scanning 
capacity. However, several reports indicate that satisfactory 
results may be obtained in mechanical photo interpretation 
with the less expensive densitometer. This machine is similar 
in principle to a microdensitometer with the exception that 
the portion of the photograph analysed is larger and there 
is no scanning capacity. 
Murtha (1968) reported using colour and colour infrared 
photographs taken from a height of 12 feet to record simulated 
animal damage to young conifers. The density of the three 
dye layers was measured on the crown images on both films 
using a transmission densitometer. He found that for the 
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young conifers studied, "the greater the level of damage 
the denser was the cyan layer on false color transparencies 
while no relationship was apparent between the levels of 
damage and the density of any one of the three layers in the 
normal color film". Through density measurements of the cyan 
layer Murtha detected a decrease in the near infrared reflec-
tance from damaged trees before any visual green colour change 
occurred. The increase in cyan dye density was difficult to 
see visually but the differences could be measured with the 
densitometer. In a similar project Murtha and Kippen (1969) 
were able to detect fames root rot infection centres in red 
pine plantations by using densitometric measurements on colour 
infrared film, although the centres were not visible on either 
colour infrared or colour film. They found a decrease in 
tree image density of the cyan dye layer with increasing 
distance from the infection centres. As in the previous 
study the density variations were too subtle to be seen but 
were detected with the densitometer. 
In a third study Murtha and Harris (1970) used optical 
density measurements of the cyan dye layer on colour infrared 
film to complement subjective photo intereretation of ama-
bilis fir infected with balsam woolly aphid. The combined 
interpretation procedure provided an accuracy of 83 pe rcent 
in delineating aph1d presence or absence. In each of these 
studies the optical density of the cyan dye layer on colour 
infrared film was the parameter which allowed or enhanced 
interpretation of tree damage. 
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These selected articles indicate the potential of density 
and microdensity measurements of colour photographs to 
achieve some degree of automation in the photo interpretation 
process but they also indicate that more research is neces-
s ary to achieve satisfactory levels of accuracy. 
3. LOCATION, SELECTION, TYPING AND DESCRIPTION OF THE 
STUDY AREA 
3.1 Study Area Location 
The study area was located in the Brindabella 
Mountain Range southwest of Canberra in the Australian 
Capital Territory at 35° 24'S, 148° 49'E. The centre line 
extended northeast for approximately 2 kilometres on an 
azimuth of 046 degrees from a point near the Mount Franklin 
Road approximately 2.5 kilometres south of the Bull's Head 
Forestry Settlement. (see FIGURE 3.1). 
3.2 Selection Criteria 
This site was selected from several under consider-
ation using the following practical criteria. Consider-
ation was given to the range of species and forest cover 
types, the ease with which the area could be repeatedly and 
accurately photographed, the difficulties in targeting and 
navigation from low altitudes, ground accessibility and 
distance from Canberra. 
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An area containing a variety of eucalypt species includ-
J_ng some commercially important ones was sought to allow 
comparisons between species of practical interest to Australian 
forestry, and to maintain relevance to a realistic inventory 
situation. Six species of eucalypts were found on the 
selected area including two important and two less important 
commercial species. In addition, two of the species were 
closely related botanically and there were two distinct age 
groups of another species. 
A range of forest cover types was also sought to enable 
comparisons to be made between individuals of a single species 
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occurring on different sites under varying conditions of 
temperature, moisture, soils, aspect etc. The selected area 
comprised five distinct cover types. 
The ease with which the study area could be repeatedly 
and accurately photographed was a very important consider-
ation. In order to enable an assessment of seasonal vari-
ation on the relative colour of the crowns it was necessary 
that the same trees appear on each monthly run of photos . . 
At very large scales on 70 mm format photographs the strip 
of ground covered is extremely narrow (165 metres on 1:3000 
scale) and precise navigation is required. Thus consider-
ation had to be given to the steepness of the terrain as it 
affected turbulence and visibility and to the location of 
openings in the forest where ground targets might be dis-
played to facilitate navigation. The topography in the 
selected area, although mountainous, was not excessively 
steep and suitable forest openings were available for tar-
geting. 
Finally, the area was traversed by roads at 5 points 
along the run and was only 45 kilometres from Canberra. 
3.3 Cover Typing 
Cover typing of the area immediately adjacent to 
the f lightline was carried out on 1:20 000 scale colour 
aerial photographs from the 1968 A.C.T. aerial photography. 
(see PLATE 3.1). Species associations as indicated by the 
shape and size of crowns and the texture and colour of the 
photos were typed using a Bausch and Lomb Zoom 95 stereo-
J?LATE 3.1 A Section of a 1:20 000 
Aerial Photograph 
Scale 
of the 
Area Showing the Flight 
the Five Cover Types 
Colour 
Study 
Line and 
Studied. 
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scope at 2.5 X magnification. The type changes were located 
i n the field at a later stage. 
3.4 Description of the Study Area 
The elevation along the study strip varied from 
1040 to 1250 metres above sea level. FIGURE 3.2 is a profile 
of the study strip showing the distribution of the types, 
e l e vations and road locations. 
The cover types were identified on the ground in accord-
ance with the system discribed by the Forestry Commission of 
New South Wales (1965). In this system nearly all character-
istic forest types in the state are described as they actu-
ally occur in the field regardless of whether they are 
permanent or temporary in an ecological sense. The forest 
types are named on the basis of the occurrence of one or more 
indicator species which are characteristic and comprise a 
significant proportion of the type, often combined with the 
n ame of one or more co-dominant species. The five types 
fo und on the study strip are listed in TABLE 3.1. 
TABLE 3.1 Cover Types Occurring on the Study Strip 
STUDY TYPE N.S.W. TYPE 
Number N~e 
Type 1 140 snow gum-mountain gum 
Type 2 148 alpine ash-mountain gum 
Type 3 155 brown barrel 
-
gum 
Type 4 111 peppermint 
Type 5 147 alpine ash 
In the type/species descriptions which follow, emphasis 
is placed on those features which may be visible to the vert i -
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cal view and consequently may affect the photo appearance of 
t he tree crowns, such as crown morphology, understorey vege-
tation and ground surface. Average slopes, aspects and stand 
he ights were measured in the field; foliage density was esti-
mated in the field; crown closure was determined by . dot grid 
on the 1:1500 scale colour photographs; and leaf size was 
me asured in the laboratory on random samples collected from 
the study trees in the month of June. 
Study · type 1 (N.S.W. Type 140) is a snow gum - mountain 
gum type with a high proportion of broadleaved peppermint 
(see PLATE 3.2). The two gums each occupy about 40 percent 
of the stand with the peppermint occupying the remaining 20 
percent. It is an open dry sclerophyll, non-commercial type 
on a northwest aspect with an average stand height of 18 
metres. The site is harsh, and relatively exposed to wind. 
The canopy density varies from 35 to 65 percent and averages 
50 percent. There is a thin shrub layer consisting mainly 
of 0.5 metre high daviesia species which is generally evenly 
distributed but with occasional large bare patches of broken 
r ocks . The topography slopes at approximately 15 degrees to 
t h e northwest. The ground surface is generally rocky and 
expo se d in places. The elevation varies from 1180 to 1250 
metres above sea level. 
'I'he snow gum . in the type averages 17 metres in height 
with short boles (see PLATE 3.7). Major branching begins at 
1/4 to 1/2 way up the tree. There are relatively f ew major 
b ranches and few branch orders. The branches are strongly 
up swept, have smooth light grey bark and the s mallest 
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branches are relatively thick. The foliage is supported on 
the branch tips only, giving a flat topped appearance to the 
tree. It is uniformly distributed over the entire upper 
surface of the crown. The leaves are relatively horizontally 
presented. The adult leaves average 136 mm long x 28 mm wide, 
are thick, leathery, a medium dark green and notably shiny 
on both surfaces. The foliage density ranges from 20 to 50 
percent with occasional very dense crowns over 75 percent . . 
There is little epicormic growth on the species. 
The mountain gum in the type averages 20 metres in 
height with numerous heavy, coarse branches of a yellow-grey 
colour beginning 1/3 to 1/2 way up the tree (see PLATE 3.8). 
A large branch angle produces many horizontal branches. The 
smallest branches are very fine causing the leaves to hang 
vertically. The foliage is unevenly distributed over the 
depth of the crown and occurs in dense clumps giving the 
crown a multi-layered effect. There are numerous epicormic 
branches and leaves. The adult leaves average 125 mm long x 
18 mm wide, are slender, thin and a medium yellow-green. 
The foliage density ranges from 30 to 60 percent with 
occasional very dense crowns over 80 percent - usually due 
to epicormic growth. It is the largest coarsest species in 
the type. 
The broadleaved peppermint in the type averages 18 
metres in height with major branching beginning 1/3 of the 
way up the tree (see PLATE 3.9). The major branches are 
moderately coarse with rough, dark grey bark becoming smooth 
dark grey-brown on the smaller branches. There are many 
fin e branches which support pendulous leaves. The foliage 
is f airly uniformly distributed over the upper portion of 
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the crown giving it a rather deep umbrella shaped appearance. 
The adult leaves average 95 mm long x 20 mm wide, are broad, 
thick, and medium dark green on both sides. The crown is 
thin with foliage density ranging from 20 to 40 percent. 
Due to its small size the peppermint is often overtopped by 
the other two species - particularly by mountain gum. 
Study type 2 (N.S.W. Type 148) is an alpine ash-moun-
tain gum type with an occasional snow gum (see PLATE 3.3). 
The ash occupies about 65 percent of the stand and the gum 
about 35 percent. It is a potentially commercial, tall, wet 
sclerophyll, ridge type on a cool, moist, southeast aspect 
with an average stand height of 32 metres. The canopy 
density varies from 50 to 70 percent and averages 60 percent. 
There is a luxuriant understorey of 2 to 3 metre tall mesophytic 
shr ubs, mainly wattle, persoonia and daviesia species pro-
viding nearly 100 percent ground cover. There are also 
occasional taller blackwoods approximately 10 to 15 metres 
high. The topography slopes steeply at 24 degrees to the 
southeast. The elevation varies from 1160 to 1250 met r es 
above sea level. 
The alpine ash in the type averages 33 metres in height 
with heavy coarse branches in the upper 1/3 to 1/2 of the 
tree (see PLATE 3.10). The branches are smooth barked, 
light yellowy-grey in colour. It has an open spreading 
branching habit giving the crown a loose conical shape. 
There are many dead tipped branches with epicormic foliage 
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on their lower portions but otherwise t he foliage density is 
f a ir ly thin ranging from 20 to 40 percent. The adult leaves 
a verage 138 mm long x 24 mm wide and a re dull and dark green. 
The mountain gum in the type averages 31 metres in 
h e i ght and has a similar coarse horizontal branching habit 
to the mountain gum in study type 1 (see PLATE 3.11). Other 
fe atures of the crown morphology such as the dense clumps and 
d rooping nature of the foliage are also similar to those 
e xhibited by the occurence in study type 1. The depth of the 
crown ranges from 1/3 to 3/4 of the height of the tree and 
the crown tends to have foliage over its entire depth giving 
a deep cylindrical appearance. Epicormics are plentiful on 
some individuals. The crown density varies from 40 to 80 
percent with the more dense crowns being composed of many 
. . 
epicormics. 
Study type 3 (N.S.W. Type 155) is a brown barrel-gum type 
with a minor component of alpine ash (see PLATE 3.4). In 
this case, the co-dominant gum is manna gum. The two co-
domi nant species each occupy about 45 percent of the stand 
wi th the associated ash occupying the remaining 10 percent. 
It is a tall, potentially commercial, wet sclerophyll, gully 
type on an east aspect with an average stand height of 35 
metres. The canopy density varies from 45 to 75 percent 
and a verages 60 percent. It is a multi-layered canopy with 
a n understorey of brown barrel regeneration about 10 to 15 
metres in height. The type was logged about 20 years ago. 
The ground cover ranges from dense patches of 2 to 3 metre 
t all wattle and dogwood, through large areas of short 
f 
bracken ferns to areas of decaying logs and litter. The 
topography slopes at 28 degrees to the east. The elevation 
va ries from 1040 to 1160 metres above sea level. 
The mature brown barrel in the type averages 32 metres 
in height with dark grey rough-barked branches for 1/2 to 
3/4 of the height of the tree (see PLATE 3.12). There are 
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a large number of branching orders with many fine branches. 
~he branches are upswept and foliage is evenly distributed · 
over the entire crown giving the tree a billowy appearance. 
The adult leaves do not droop noticably. They average 107 mm 
long x 30 mm wide, are small, thin and a very deep green. 
There are few epicormics and foliage density is low varying 
from 20 to 40 percent. 
The manna gum in the type is very similar in appearance 
to the mountain gum in study type 2 (see PLATE 3.13). In 
some cases they were only positively identified after 
examination of the juvenile leaves on seedlings germinated 
from seed collected from the study trees. The trees average 
39 metres in height. Other features of the crown morphology 
are similar to those described for mountain gum in study 
types 1 and 2. There are few epicormics and foliage density 
varies from 30 to 60 percent with individual clumps of foliage 
being much denser. The leaves average 155 mm long x 21 mm 
wide, are slender and medium yellow-green in colour. 
Study type 4 (N.S.W. Type 111) is a peppermint type 
consisting of 80 percent broadleaved peppermint and 20 
percent mountain gum _ (see PLATE 3.5). It is a dense, dry 
sclerophyll, non-commercial type on a northwest aspect, with 
an average stand height of 22 metres. The site is a poor, 
dry, protected, rocky slope. The canopy density is high 
ranging from 70 to 80 percent and averaging 75 percent. 
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There is a sparse understorey of 1 to 1.5 metre high daviesia 
species with much exposed rock and litter visible. The 
topography slopes at approximately 15 degrees to the north-
west. The elevation varies from 1110 to 1180 metres above 
sea level. 
The broadleaved peppermint in the type averages 20 
metres in height with other features of the crown morphology 
being very similar to the broadleaved peppermint in study 
type 1. (see PLATE 3.14). The leaves are somewhat pendulous, 
124 mm long x 25 mm wide, are thick and medium dark green. 
The crown is uniform in foliage density with specimens rang-
ing from 30 to 50 percent. 
The mountain gum in the type averages 23 metres in 
height and again is very similar in appearance to the moun-
tain gum in study type 1 (see PLATE 3.15). The crown appears 
multi-layered with dense clumps of foliage distributed over 
its entire depth. There are a large number of epicormics. 
The vertically hanging leaves average 154 mm long x 22 mm 
wide, are thin and a medium yellow-green. 
Study type 5 (N.S.W. Type 147) is an alpine ash type. 
It is a dense, wet sclerophyll, potentially commercial, pole 
stand of alpine ash regenerated after logging. (see PLATE 
3.6). The site is moist and sheltered on a gentle slope 
with a southeasterly _aspect. The crown closure of the even-
aged ash is high, ranging from 70 to 75 percent and averaging 
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73 percent. There is a dense understorey of 2 to 3 metre 
tall wattle and persoonia species and a ground cover of small 
plants. The topography slopes at approximately 10 degrees to 
the southeast. The elevation varies from 1180 to 1200 metres 
above sea level. 
The alpine ash in the type averages 33 metres in height 
with the crown comprising only about 1/5 of the total tree 
height (see PLATE 3.16). The branches are strongly divergent 
and few in number giving the, crown a conical and star shaped 
appearance. The branches are smooth barked and light 
yellowy-grey in colour. The foliage density is uniformly low 
ranging from 30 to 50 percent. The adult leaves average 
140 mm long x 25 mm wide, are dull and dark green. Due to 
the dense nature of the pole stand the crowns are uniformly 
small and have the lowest crown width to height ratio of any 
species on the study area. 
.PLATE 3.2 Ground Stereogram Type 1. 
-PLATE 3.3 Ground Stereogram Type 2. 
PLATE 3.4 Ground Stereogram Type 3 
·PLATE 3.5 Ground Stereogram Type 4 
' J 
.PLATE 3. 6 Ground Stereogram Type 5 
PLATE 3.7 Type 1 
Snow Gum 
PLATE 3. 8 Type 1 
Mountain Gum 
PLATE 3. 9 Type 1 
Broadleaved Peppermint 
PLATE 3 .10 Type 2 
Alpine Ash 
Mature 
PLATE 3 .11 Type 2 
Mountain Gum 
PLATE 3 .12 Type 3 
Brown Barrel 
PLATE 3 .13 Type 3 
Manna Gum 
PLATE 3 .14 Type 4 PLATE 3.15 
Broadleaved Peppermint 
Type 4 
Mountain Gum 
PLATE 3.16 Type 5 
Alpine Ash 
Regeneration 
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4. METHODS 
4.1 Tree Selection and Ground Truth Data Collection 
Once the study area had been selected and navigation 
targets had been laid out several preliminary photographic 
runs were flown over the strip was described in a later section. 
One of these preliminary runs of 70 mm photographs at a scale 
of 1:3000 was used as an aid in the selection of the subject 
trees. 
Subject trees were selected on three criteria: species, 
crown size and visibility on the 1:3000 scale aerial photo-
graphs. The aim was to select 20 trees of each major species 
(a species group) within a cover type, for identification on 
the aerial photos. Trees were selected only if the image of 
their crown on the 1:3000 scale photos was at least 1 mm in 
diameter to ensure there would be a sufficiently large area to 
assess with the smallest densitometer aperture which was 1 mm 
in diameter. Also the crown of the tree had to be spatially 
separable from the other crowns and not be overtopped. Some 
trees were disqualified as they themselves were overtopping 
another tree or trees. It was felt that in these cases the 
recorded colour would not be truly indicative of that of the 
taller tree but a mixture of those of two or more trees. 
Over the entire line 235 trees were selected, consisting 
of 20 trees in each of 11 species groups plus miscellaneous 
extra individuals. Only 200 of these trees were actually 
used for analysis. Half of the additional trees were in study 
type 3 in which there was a minor component of alpine ash 
but insufficient numbers to comprise a species group. The 
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other extras were scattered over the species groups and were 
enumerated due to the fact that they met all the criteria for 
selection. 
After the nine monthly runs of photography had been flown 
and printed it became necessary to eliminate some of the 
originally selected trees and select new ones in each type 
due to the fact that: 
1. trees had been missed on one run; or 
2. the sunlit areas of the crowns on the mid-winter 
photographs were too small to be read on the 
densitometer. 
Trees which fell into the latter category were determined by 
superimposing a transparent overlay containing a punched hole 
equal in diameter to the densitometer aperture on each tree 
crown image on each run. 
Sufficient trees were selected at this stage using the 
same criteria, to bring the number in each species group to 
20. One species group was dropped from further consideration 
as most of the trees fell into category 2 above. Details of 
the distribution of the finally selected species groups are 
contained in TABLE 4.1. 
TABLE 4.1 - Number of Trees Selected by Species and Type 
-
SPECIES STUDY TYPE TOTAL 
1 2 3 4 5 
1. snow gum 20 20 
2 . mountain gum 20 20 20 60 
3 . broadleaved peppermint 20 20 40 
4 . alpine ash (mature) 20 20 
5 • alpine ash (regeneration) 20 20 
6 . brown barrel 20 20 
7 • manna gum 20 20 
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To facilitate stereoscopic viewing of the transparent 
photographs in the field a simple portable device was built 
which uses natural light reflected through a transparent view-
ing stage by a white board. The viewer and its construction 
are described in APPENDIX 2. 
Ideally, the selection of study trees should have been 
performed without the use of aerial photographs thus eliminat-
i ng the possibility of image colour influencing the selection 
of trees and biasing the sample. Due to the necessity of 
choosing trees whose image was actually on the photographs 
and was large enough for colour evaluation, the technique was 
impossible. Alternatively, black and white prints might have 
been used for tree selection, but due to the greater ease of 
separation of tree crowns on colour photos this method was 
also rejected. 
The method used for selection ensured that image colour 
did not influence the selection of trees. The band from 
which the trees could be selected was kept very narrow on the 
first selection pass so that all possible acceptable trees 
would have to be chosen, regardless of the colour of their 
crown image. All trees occurring within this b an d were con-
sidered and many were rejected for b e ing overtopped or for 
overtopping. Individuals which passed this first test were 
then l ocated on tµe photos and more were eliminated becaus e : 
1 . t he tree fell outside the acceptable p hoto area ; 
2. the crown image was too small; 
3. the foliage was too thin to allow the crown to 
be easily discerned on the photos. 
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Due to 'circumstances beyond our control' about half of the 
frame s of the photo run used had been printed with a different 
colour balance from the rest. This meant that the same tree 
often had quite a different colour on consecutive photographs. 
The selection of trees on these photographs and by this method 
minimized the possibility of crown colour influencing tree 
selection . 
The photographs were also used in the ground truth survey 
to serve as a permanent record of the location of the selected 
-rees. This was done by pin pricking the tree crown image on 
the photos and recording the co-ordinates of the hole as 
determined by a transparent dot grid overlay (25 dots per 
s quare centimetre). These photos were later used as a 
refe rence for stereoscopically transferring the selected trees 
to the other nine photographic runs. 
Due to the variation in crown colour as a tree image gets 
progressively closer to the edge of the photograph, (Parry 
et al. 1969) the acceptable photo area was limited to the 
centre nine square centimetres of the photograph. The ground 
area that this represented and also the strip width varied 
inversely as the photo scale. Thus there was no set width 
to the ground strip but trees closest to the surveyed centre 
line were given preference as previously explained. On some 
of the nine runs which were not exposed over precisely the 
same c e ntr line as the preliminary photos, study trees were 
posit ioned closer to the photo edge than was desirable. 
Each selected tree was numbered in the field with an 
aluminium tag for future reference. The following details 
were assessed for each selected tree: 
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1. species; 
2. dominance; 
3. foliage density; 
4. height class; 
5. age class; 
and were recorded on specially designed, computer compatible 
tally sheets which were also used for recording the densito-
meter readings. These details were recorded since it was 
fel t that they might be equal or more important photo-colour 
controlling factors than species alone. The classifications 
were broad and subjective since precise measurement of the 
details was presumed unwarranted. The ground truth classifi-
c t ions and codes used are contained in TABLE 4.2. 
The dominance classification, which was adapted from 
Jacobs (1955), concentrated on the appearance of crowns on 
aeria l photographs. For example, a tree which is "overtopped" 
according to Jacobs would not appear on the photos. Thus to 
f't in to the dominated class a tree must be below the general 
canopy level but also must not be overtopped by another tree. 
The heights of five randomly chosen trees per species group 
were measured using a Suunto clinometer - the others were 
estimated. The age classification was very subjective and 
purely relative. It was based on the size and condition of 
th tree r e lative to the others in the area and on the 
previous experience of several observers. 
A theodolite survey of the centre line of the study strip 
was carried out (using a Wild TO compass theodolite) and the 
centre line was cleared in order to: 
TABLE 4.2 - Ground Truth Classification 
1 . SPECIES 
Code 
1 
2 
3 
4 
5 
6 
7 
Species 
snow gum 
mountain gum 
broadleaved peppermint 
alpine ash (mature) 
alpine ash (regeneration) 
brown barrel 
manna gum 
2. DOMINANCE (modified from Jacobs, 1955) 
3 . 
4 . 
5 . 
Code 
1 
2 
3 
4 
FOLIAGE 
Code 
1 
2 
3 
HEIGHT 
Code 
1 
2 
3 
DENSITY 
CLASS 
AGE CLASS 
Code 
1 
2 
3 
Description 
Dominant; tree crown above the level of 
the canopy; larger than average tree; 
receives light from sides and top. 
Co-dominant - trees whose crowns form 
the general canopy; light mainly from 
the top. 
Intermediate - crowns below but 
extending into the general canopy. 
Dominated - below the general canopy 
level and not obscured to the vertical 
view. 
Description 
Thin - less than 25 % of crown area lS 
foliage. 
Medium - 25 % to 75 % of crown area lS 
foliage. 
Dense - more than 75 % of the crown area 
lS foliage. 
Description 
Tall - Greater than 30 metres 
Medium - 15 to 30 metres 
Short - less than 15 metres 
Description 
Old 
Medium 
Youn g 
6 3 
1. facilitate the field work; 
2. accurately map the study strip; 
3. obtain a profile diagram of the study strip; 
4. and to locate ground targets to assist in the 
navigation of the photographic runs. 
4.2 Photography 
4.2.1 Guiding Considerations and Practical 
Limitations 
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In planning the photographic aspects of this 
project there were a large number of factors to be considered 
such as: 
1. the film and scale to be used; 
2. the measures to be taken for quality control in 
printing and processing; 
3. the availability of a suitably modified aircraft; 
4. the camera equipment available; 
5. the time and frequency of photography; 
6. the method of colour measurement; 
7. the practical problem of repeatedly navigating 
a light aircraft at low altitudes over 
precisely the same line in mountainous forested 
country. 
To a large degree these considerations determined what 
wa s possible photographically and they influenced the 
re sults of the study to a far greater degree than was ori g in-
ally f o r eseen. Consequently they merit discussion in some 
d tail . In many cases, a compromise solution had to be 
chosen and the important implications of each of these 
decisions are discussed in CHAPTER 6. 
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4.2.2 Photographic Materials and Procedures 
The study area was photographed a total of 12 
times between 20.1.72 and 20.12.72 at approximately monthly 
inte rvals. For reasons explained later in this section, only 
nine of these runs were usable for analysis and henceforth 
refe rence will be made solely to them. The solar altitude 
vari ed from run to run due to the changing seasons and the 
time of day. The solar altitude ranged from a high of 62° 
on the early February run to a low of 32° on the late May run. 
The time interval between runs ranged from a maximum of nine 
weeks to a minimum of three weeks. TABLE 4. 3 shows the date,. 
time and solar altitude at the time of exposure of the nine 
acceptable runs. 
TABLE 4.3 - Date, Time and Solar Altitude of Photographic 
Missions 
Run No. Date Time Solar Altitude 
(E.S.T.) (degrees) 
1 1. 2.72 1035 62 
2 2 3. 2.72 10 30 59 
3 2 . 5.72 1115 37 
4 30. 5.72 12 30 32 
5 28. 7.72 1245 35 
6 4 . 9.72 1150 50 
7 2. 10. 72 1145 60 
8 8.11.72 955 57 
9 20.12.72 825 43 
The f ilm used for the study was KODAK EKTACHROME 
Aerographic Film MS 2448 (ESTAR Base) and was processed to a 
negative. (The film has since been superseded and is now 
available only as a positive reversal film). 
t 
I· 
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MS 2448 has three emulsion layers and a yellow filter 
coated onto an estar base material and as such is known as an 
in t e gral tripack. The three layers contain different dyes and 
have peak sensitivities in different portions of the spectrum. 
The top layer contains a yellow dye and is sensitive to blue 
and shorter wavelengths. The yellow filter underlays this 
layer to absorb blue light since the green and red sensitive 
laye rs have significant sensitivity to blue light as well. 
The green and red sensitive layers contain magenta and cyan 
dyes respectively. When exposed and processed in Kodak 
Colour Process C-22 Chemistry the three layers provide a 
negative colour record of the scene. FIGURE 4.1 shows the 
s pectral sensitivity of the dye layers of MS 2448 (Eastman 
1972). 
All photographic runs were exposed using a Vinten 70 mm 
aer ial reoonnaissance camera and a 305 mm lens ( f/4. 0 RANK 
TAYLOR HOBSON-12 inch). A shutter speed of 1/500 of a second 
was u sed and an appropriate aperture, usually f/4.0. The 
correc t exposure was determined using a Kodak aerial exposure 
computer (Eastman 1966). In the three winter runs (runs 3, 4 
and 5 ) the negatives were underexposed by one f stop due to 
the f /4.0 maximum ape rture limitation. A slower shutter 
speed was not used as it was felt desirable that a constant 
degree of image motion on each run should be maintained. 
The photographi c . . flown three different miss ions were in 
types of aircraft: 
Runs 1 and 2 - Cessna 3 37 
Runs 3 to 8 . - Cessna 177 
Run 9 - Cessna 182 ., 
>, 
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FIG 4·1 Spectral sensitivity curves of Kodak Ektach rom e Aerographic Film MS 2448 
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This variation resulted from the fact that there was only 
one suitably modified light aircraft available at any one time 
of photography. The aircraft was navigated over the flightline 
and drift and exposure interval determined by use of an Aldis 
aiming sight. 
All runs were exposed at a nominal negative scale of 
1: 30 00. This scale was obtained by flying at 915 metres above 
t he mean ground elevation and using a 305 mm lens. Since there 
was a 210 metre difference in elevation along the study strip 
t h e re was a resultant variation in scale of approximately 23 
percent on each run. In order to determine accurate scales 
at various points a series of white plastic scale targets 
were laid out on the ground in six locations of different 
elevation. Accurate flying heights and photo scales were 
calculated from measurements of these targets made on the 
negatives. TABLE 4.4 shows the calculated actual flying 
height and the maximum and minimum scales of each run. 
s cale s are rounded to the nearest hundred). 
TABLE 4.4 - Calculated Flying Heights Above Ground 
Elevation and Negative Scales of 
Each Run 
Run No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Flying Height 
Above Mean 
Ground Elevation 
(m) 
9 89 
948 
949 
883 
890 
908 
886 
9 36 
972 
Largest 
Scale 
1: 2800 
1:2700 
1 :2700 
1:25 0 0 
1:25 00 
1: 2 60 0 
1 :25 0 0 
1:27 00 
1 :2800 
Smallest 
Scale 
1 :3500 
1:3400 
1:3400 
1:3200 
1:3200 
1: 3300 
1 : 3200 
1:3400 
1:3500 
(All 
I 
I 
i 
,_ 
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The film used for the project was specially ordered 
from the manufacturer to ensure freshness and batch continuity. 
0 The film was stored at the recommended temperature o f 12 C 
until the time of exposure. Each film piece was processed 
to negative within 24 hours of exposure and stored until all 
missions had been completed. At this time, all subject trees 
were located on the negatives. One run was eliminate d from 
further consideration because a large proportion of the trees 
did not appear on the photos. Two other runs were eliminated 
due to camera malfunctions, one which caused exce ssive 
blurring of the negatives and another which resulted in no 
exposure. Sufficient frames were selected for printing to 
enable stereo viewing of as many subject trees as possible . 
Five of the total 1800 tree images (9 runs and 200 trees per 
run) were on one photo only due to camera tilt be tween 
exposures but they were still used for analysis. A to t al of 
252 negatives were selected for printing from the 9 rW1 s . 
A 2X linearly enlarged colour diapositive was printed 
from each negative on KODAK EKTACOLOR Print Film No.4 109 
(ESTAR Thick Base). Each film was printed with constant 
colour filtration within a run but slight variations in 
printing exposure caused slightly different colour develop-
ment between frames. The nominal scale of the enlargements 
was . 1:1500 but varied directly with the scale of the 
negatives. The subject trees were located on the first run 
from the preliminary photos and their positions ma rked and 
numbered on transparent film overlays. These were then 
transferred stereoscopically to all other runs. 
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4.3 Densitometry 
Optical density relates to the amount of developed 
d ye in any area of the colour diapositives and is a measure of 
the 'light stopping power' of that area (Eastman 1965). The 
percentage of the total amount of light falling on the area 
and which actually passes through it, is defined as the trans-
mission. The opacity is the reciprocal of the transmission 
and the density is the logarithm of the opacity. The density 
measurements made in this study do not solely reflect the 
density of single dye layers since each dye has some absorption 
throughout the spectrum. Consequently, the colour density 
measurement of one dye layer is affected by the dyes in the 
other two layers. Optical colour density measurements do, 
however, have a close correspondence to the visual appearance 
o f the image (Wenderoth and Yost 1974). A photo-electric 
transmission densitometer was used to measure the optical 
densities of each tree crown image. 
4.3.1 Densitometer Description 
The instrument used was a Macbeth Expediter 
Transmission Densitometer TD-504 with digital readout. It is 
equipped with four selectable filters for colour and visual 
density measurements within a range of Oto 4.0. The filters 
provided with the machine are Wratten gelatin filters numbers 
92 in the red, 93 in the green, 94 in the blue and 106 in the 
visual filter position. The spectrophotometric absorption 
· curves of the three colour filters are shown in FIGURE 4.2 
(Kodak 1969). Readings taken with the TD-504 indicate 
diffuse optical transmission density. The electronic power 
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supp ly is self-regulated and hence is not affected by normal 
line voltage variation and no external voltage regulator is 
required. An illuminated stage allows viewing of the photo-
graph in situ and facilitates alignment of the image over the 
aperture. The circular black aluminium apertures provided 
with the TD-504 are 1, 2 and 3 mm in diameter. 
The principle on which the instrument operates is as 
foll ows. Illumination from the light source (a tungsten-
halogen lamp) passes through a lens and the aperture to a 
hoto-electric cell. The electrical output of the cell is 
amplified and displayed on a digital readout in density units 
of 0.01. When no film is over the aperture the light trans-
mission is 100 percent and the display is set to read 0.00 
density. When the film is placed over the aperture its opacity 
reduces the amount of light reaching the photocell and the 
disp lay indicates the density directly. When one of the 
coloured filters is inserted in the path of the light before 
it reaches the photocell it absorbs all wavelengths other than 
t hose in its pass band (see FIGURE 4.2) and the photocell 
then r eads only the amount of light within that band which 
has passed through the film. This is recorded as the density 
-
reading for that filter. Each filter in turn is then inserted 
into t he light path and, without moving the photograph, a 
density is recorde~. The filters have been chosen with pass 
bands a pproximating the peak densities of the three dye laye rs 
of standard colour films (FIGURE 4.2 and 4.3). As well as 
measuring the density of each of the dye layers, the composite 
dens ity of the three layers together is measured by reading the 
density with the visual filter. 
4.3.2 Densitometric Procedures 
The colour photographic image of a eucalypt 
crown at a scale of 1:1500 is a mosaic of various colours 
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which occur in patches corresponding to clumps of foliage in 
sunlight and shade, exposed branches and crown openings, all 
superimposed on the background of bare ground or understorey 
vegetation. In taking the optical density readings for each 
crown all but the clumps of sunlit foliage were avoided. Often, 
however, these patches were less than 1 mm in diameter even 
at the enlarged scale. To make meaningful measurements of 
image density the patch of foliage had to be larger than the 
densitometer aperture. The smallest aperture provided with 
the instrument was 1 mm in diameter, so a smaller aperture 
(0.7 mm diameter) was made from aluminium and a series of tests 
were run to calibrate the machine with the smaller aperture . 
Initially, when reading a calibrated grey scale step we dge , 
the new aperture caused a shift in density values. Further 
trials revealed that internal reflections from the bore of 
the aperture were causing the shift. By dying the aluminiwn 
black the reflections were reduced and when tested on the 
step wedge the aperture performed as accurately as any of the 
larger apertures. 
All density readings were made with the 0.7 mm diameter 
aperture. The transparent overlay indicating the po sition of 
the subject trees was removed before the density readings 
were taken. In the majority of cases, there was little choice 
of location on the crown on which to take the readings because 
the uniformly coloured foliage clumps were quite small . As 
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explained previously, if a tree did not contain at least one 
such area on every run it was rejected as a subject tree. The 
appropriate area of the subject tree was precisely located over 
the densitometer aperture and, without moving the photograph, 
the cyan, magenta and yellow dye layer densities and the 
visual density were read through the red, green, blue and 
visual filters respectively. 
4.4 Data Analysis 
On no photographic run were all of the subject trees 
in full sunlight. Light shadow on the crown of a tree caused 
the four density readings to be slightly higher than the 
corresponding readings of other trees of the same species 
group which were in full sunlight. The heavier the shade the 
higher the four densities. When a multi-variate discriminant 
analysis was run on the density readings, there appeared to 
be little correlation within a species group. To eliminate 
the variation due to varying amounts or intensities of shadow 
a zero value was assigned to the visual density reading for 
each tree and the discriminant analysis was performed on the 
positive and negative deviations of the colour filter readings 
from the corresponding visual density. For instance, if the 
four density readings for a particular tree were: 
Visual (V) 1.10 
Red (R) 1.20 
Green ( G) 1.10 and 
Blue (B) 1.00 
then the three attributes or density deviations used in the 
analysis would be: 
R-V 
G-V 
B-V 
0.10 
0.00 and 
-0.10 
The multi-variate discriminant analysis produced a 
dichotomous split of the individuals in each of eight sets 
o f data on the basis of their inter-attribute corre l ation 
co-efficients, such that the colour variation within each 
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of the two output or daughter groups of the analysis was less 
than the variation between them. Each set of data consisted 
of two species groups - a total of 40 individual trees. The 
eight sets of data were constituted as follows: 
1. 
2 . 
3. 
4 . 
5 . 
Type 
Type 
Type 
Type 
Type 
1, 
1, 
1, 
2, 
3' 
mountain gum 
snow gum and 
snow gum and 
mountain gum 
brown barrel 
and peppermint; 
mountain gum; 
peppermint; 
and alpine ash; 
and manna gum; 
6. Type 4, mountain gum and peppermint; 
7. Mature ash (Type 2) and regeneration ash 
(Type 5); and 
8. Mountain gum (Type 2) and manna gum (Type 3). 
Comparison 7 was made to determine the separability of the 
crown colours of two distinct age classes of the same species. 
Comparison 8 was made since these two species are very 
similar botanically and frequently are difficult to separate 
in the field. Comparison 6 was a replication of comparison 1 
but on a di fferent site. 
There was no attempt thr ough t h e discriminant analysis 
to identify an individual by matching its colour to a 
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t h eo retical average colour for the species (as discussed in 
Chapter 6), rather the aim was to determine if the colour of 
an i ndividual was mere similar to the other individuals of the 
same species than to the individuals of another species. Thus 
the ideal situation in which all 20 individuals of the first 
species were put into one daughter group and all 20 indi-
viduals of the second species were put into the other, gives 
no c lue as to the identify of either species but merely showed, 
that for this sample, the crown colours of the two species 
were completely separable. 
j· However, each of the two daughter groups usually con-
tained some individuals of both species. The more nearly the 
ldeal situation was approached, the better the separability 
and the problem was to establish a measure to express this 
s parability. For this purpose, the consistency and the 
rrors of omission and commission were calculated for each 
sp c ies group on the results of the dichotomous split of each 
set o f data. The term consistency was chosen rather than 
correct' since the species were not being identified. 
Consis tency of a species group was defined as the larger per-
centage of that group which remained together in one of the 
daughter groups. In the ideal situation mentioned above, both 
species would have a consistency of 100 percent since all 20 
i n dividuals of the ·species group were put into the same 
da ughter g roup. 
There were two possible types of error. Omiss i on error 
occ ur r ed when a tree of the species under consideration was 
not grouped with the majority of that species but rat her it 
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was placed with the second species. It was the complement of 
cons istency. Commission error occurred when a tree of the 
second species was grouped with the majority of the species 
unde r consideration. The number of trees committed was 
expressed as a percent of the total number of trees in the 
da ughter group. 
Consistency and commission error were calculated as 
foll ows: 
ECsG 
where 
C -
EC 
SG 
n 
N 
n' 
N' 
n 
X 100 N 
n' 
X 100 N' 
consistency 
commission error 
the species group under consideration 
the number of individuals of the species 
which remained together in one of the 
daughter groups 
the number of individuals in the species 
group (20) 
the number of individuals of the second 
species which were grouped with the 
majority of the species under consider-
ation 
the total number of trees in the daughter 
group which contained the majority of 
the species under consideration. 
For instance, if one daughter group contained all 20 
individua l s of species A and 5 individuals of species B, the 
consi s tency for species A would be 100 percent, omission 
error would be O and commission error would be 20 percent 
( 5 /25 X 100). 
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The separability of the crown colour o f one s peci e s from 
the crown colour of another depends on both consistency and 
commission error. The greater the consistency and the lower 
the commission error the better the separability of the colours . 
An i ndex which took into consideration both consistency and 
c ommission error was established and called the separability 
i n d ex. 
Separability index (SI) was a scale indicating the 
relativity between consistency and commission error . for a 
sin g le species in a particular comparison. It was calculated 
as follows: 
SI C - EC RF 
where 
SI - separability index 
C - consistency 
EC . . - commission error 
RF - reduction factor of 10 
The reduction factor was used in order that the separability 
i nd e x not be construed as a percentage. In the previous 
examp le the separability index of species A would be 8.0 
(100-20/10). 
If, on more than 50 percent of the runs, an individual 
subject tree was put into the opposite daughter group to the 
ma jori ty of the trees of the same species, it was re-exami ned 
on the p hotos and in the field to determi ne if t h ere was any 
abnorma l ity causing such a divergence. 
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5 . RESULTS 
5.1 Results of Analysis 
The consistency and commission error for each species-
qro up comparison which was carried out are given in TABLE 5.1. 
Th - upper figure in each cell is consistency, the lower is 
commission error. By definition, both are expressed as per-
cen tages. Cons i stency is a measure of how many individuals of 
a species group stayed together in one of the daughter groups 
and does not solely indicate the uniformity of the crown colour 
of t he individuals. It is influenced by both the uniformity 
of the crown colour of the species under consideration and the 
uniformity of the crown colour of the other species in the 
comparison. Thus a species group may have different con-
sistencies when compared with two different species. For 
ins tance, on almost every run the consistency of the crown 
colour of snow gum in type 1 was different when it was 
compared with mountain gum and with peppermint even though 
it was the same 20 snow gums being used in each case. 
Since each split was dichotomous and consistency was 
defined as being the larger percentage of a species that stayed 
together in one of the daughter groups, the minimum or poorest 
p oss i ble consistency was 50 percent. This occurred when 10 
indi v iduals of a species were placed in one daughter group 
a nd 1 0 in the other. As mentioned in the previous .chapter 
the ide al situation occurred when all 20 individuals of 
s pecies A were placed in one daughter group and all 20 trees 
o f s pe c i es B were put into the other. Both species would 
h ave 100 percent consistency and zero commission error 
(SI = 10.0). If all individuals of species A were placed 
l 
RUN 
1 
2 
3 
4 
5 
6 
7 
8 
9 
TYPE 1 
Mountain iPepper-
Gum I mint 
TYPE 1 
Snow 
Gum 
Pepper-
mint 
:..l _,, , - - - --
TYPE 1 TYPE 2 
Snow 
Gum 
Mountain,Mountain,Alpine 
Gum Gum Ash 
TABLE 5.1 - CONSISTENCY (C) AND COMMISSION ERROR (EC) OF EACH SPECIES GROUP FOR EACH 
COMPARISON (EXPRESSED IN PERCENT) 
co 
0 
l 
RUN 
1 
2 
3 
4 
5 
6 
7 
8 
9 
TYPE 3 
Brown 
Barrel 
TYPE 4 
Manna I Mountain I Pef?per-
Gum Gum mint 
OLD ASH vs REGEN IMTN GUM vs MANNA 
ASH GUM 
Old 
Ash 
Regen 
Ash 
Moun t ain 
Gum 
Manna 
Gum 
TABLE 5.1 cont ' d ~ CONSISTENCY (C) AN D COMMISSION ERROR (EC) OF EACH SPECIES GROUP 
FOR EACH COMPARISON (EXPRESSED IN PERCENT ) 
co 
f--' 
( 
I· 
82 
' in one daughter group but only 19 of species B were placed 
i n the other, the separation of the 2 species would not be as 
good as in the ideal situation since species A would have a 5 
percent commission error and species B would have only 95 
percent consistency (SI= 9.5). A very poor separation 
occurred when half of each species were put into each daughter 
g roup giving a consistency of 50 percent and a commission 
error of 50 percent for each species. In this case, the SI 
would be zero. An equally poor separation was achieved when 
the majority of each species were put into the same daughter 
group. In this case, a cormnission error of greater than 50 
percent was possible which in turn produced the possibility 
o f a negative SI. 
Clearly, when considering how well the crown colours of 
t wo s pecies separate in any particular season, it is necessary 
t o consider both the consistency, which indicates the omission 
err o r or the number of trees omitted, and the commission error 
or th e number of trees of the second species which were grouped 
with t he first. However, it is not readily apparent from the 
t able o f these two figures, which combinations provide the best 
separation of the colours. For this reason, the separability 
-i n de x was established. The index is not a measure of the 
n umber of trees which were correctly identified but simply an 
e xpress ion of the r~lative magnitude of the consiste~cy and 
commi ssio n error. The larger the index the better the separa-
bility of the crown colour of the species concerned f r om t hat 
o f the spec ies with which it is being compared. Descrip tive 
labe ls have been arbitrarily assigned to sections of the 
index scale and are listed in TABLE 5.2. 
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TABLE 5.2 - Descriptions of Separability Index Ranges 
SI RANGE DESCRIPTION 
8.0 
-
10.0 Highly Separable 
6.0 
-
7.9 Separable 
4.0 - 5.9 Poorly Separable 
below 4.0 Inseparable 
To clarify the concept of separability indices, there 
a re for example seven combinations of consistency and com-
mission error which produce a SI of 7.0 for a species: 100% 
a n d 30%, 95% and 25%, 90% and 20%, 85% and 15%, 80% and 10%, 
75% and 5%, 70% and 0%. All seven combinations are equally 
useful for separation of the colour of species A from that 
of Band thus have an equal SI. 
The SI at nine times throughout the year is graphically 
s hown in FIGURES 5.1 to 5.8 for each species in the eight 
analyses. The x axis represents the date of photography and 
t hey axis shows separability i ndex. At each time of photo-
graphy there are two symbols. The triangle represents 
the separability of the crown colour of species A from species 
Band the circle represents the separability of the crown 
c o lour of species B from species A. (Due to practical limi-
tat ions the sample could not be replicated to allow evalua-
tion of the confidence limits of the separability indices). 
If f or a particular month, the SI of both species is the 
same , the consistency and commission error of both species 
we r e the same. When the two symbols are divergent, the 
c onsi s tency and/or the commiss i on error o f the two speci es 
was different. In these cases, the species wi th the greater 
SI had the greater consistency. A negative SI indicates 
that the commission error for the species was greater than 
the consistency and thus one daughter group of the dichoto-
mous split contained the majority of both species. 
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It must be emphasised that the graphs do not imply a 
monthly comparison of actual or recorded c r own colours, but 
show rather the relative separability of the crown colours 
o f the various species at nine times of the year. This point 
is discussed in SECTION 6.1.3. In the ensuing sections, 
seasons of the year will be referred to but implications are 
not intended for times other than the times of photography. 
Several general observations can be made from the graphs: 
1. the crown colours of no two species groups were 
totally separable at any time of the year; 
2. the crown colours of some species groups were 
highly separable for only short periods while 
others were highly separable for most of the year; 
and 
3. the crown colours of some species groups were 
inseparable or poorly separable throughout the 
year. 
Mo r e specifically; 
FIGURE 5.1 shows that the peak separability of the 
crown colours of mountain gum and pepper-
mint in type 1 occurred in May and the 
poorest season was from September to 
Februar y. 
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FIGURE 5.2 shows that the separation of the crown colours 
of snow gum and mountain gum in type 1 was 
not high at any time. They were separable 
in February and November, but poorly 
separable or inseparable at other times. 
FIGURE 5.3 shows high separability of the crown colours 
of snow gum and peppermint in type 1 from 
May through September and again in November. 
They were separable at other times except 
in late February when they were poorly 
separable. 
FIGURE 5.4 shows that mountain gum and alpine ash in 
type 2 were poorly separable or inseparable 
throughout the year. 
FIGURE 5.5 shows that the crown colours of brown 
barrel and manna gum in type 3 were highly 
separable throughout the winter and again in 
early February. They were separable for 
the rest of the year with the exception of 
late February when they were inseparable. 
FIGURE 5.6 shows high separability of the crown colours 
of mountain gum and peppermint in type 4 
in May dropping rapidly to separable and 
poorly separable on either side of the 
peak. The graphs bear a marked r e semblance 
to those of the same two species in type 1 
as shown by FIGURE 5.1 and the peak separ-
ation occurred at the same time for both 
occurrences. 
FIGURE 5.7 shows that the crown colours of mature and 
regeneration alpine ash were inseparable 
or poorly separable throughout the year. 
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FIGURE 5.8 shows that the crown colour of mountain gum 
in type 2 and that of manna gum in type 3 
were inseparable or poorly separable at all 
times with the exception of late February 
when they were separable. This coincides 
with the time when manna gum and brown 
barrel in type 3 were least separable as 
shown on FIGURE 5.5. 
In each of the eight comparisons made, there were two 
species groups for which SI was calculated giving a total of 
16 indices each month. The number of indices which exceeded 
7.9 (highly separable) are listed by date of photography in 
TABLE 5.3. 
TABLE 5.3 - Number of SI's Exceeding 7.9 (Highly 
Separable) 
DATE NUMBER 
1. 2.72 1 
23. 2.72 0 
2. 5.72 6 
30. 5.72 8 
28. 7.72 4 
4 • 9.72 4 
2.10.72 0 
8.11.72 2 
20.12.72 0 
The fig ures show that in late May, the crown colours of half 
of the species group·s compared were highly separable and that 
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the best period for separability of crown colours was in late 
autumn and early winter. 
5.2 Air Photo Stereograms 
PLATES 5.1 to 5.5 are sample air photo stereograrns 
of each study type printed at contact scale (1:3000 nominal) 
from the negatives of the early February run (Run 1). For 
reasons of timing the results of the study were not kn own 
when these photos were printed and consequently they are not, 
for the most part, examples of the runs on which the best 
separations were obtained. Exceptions are that the best 
separation between the crown colours of snow gum and mountain 
gum in type 1 (SI 6.6 and 6.4) were obtained on this run 
(PLATE 5.1) and the crown colours of brown barrel and manna 
gum in type 3 were highly separable (SI 8.1 and 7.9) (PLATE 
5.3). The arrows and numbers on the stereograms indicate 
examples of the species studied. The species numbers a re 
given in TABLE 5.4. 
TABLE 5.4 - Species Numbers 
NUMBER SPECIES 
1 snow gum 
2 mountain gum 
3 broadleaved peppermint 
4 alpine ash (mature) 
5 alpine ash (regeneration) 
6 brown barrel 
7 manna gum 
5.3 Data Stereograms 
Consistency is not directly an indication o f the uni -
formity of crown colour of the individual tree image s which 
I I \ 
3 1 3 ' 2 
PLATE 5.1 Air Photo Stereogram of Type 1, Run 1. 
Scale 1:2800 
2 
1 
2 
I 
4 4 
PLATE 5.2 Air Photo Stereogram of Type 2, Run 1. 
Scale 1:3000 
PLATE 5.3 Air Photo Stereogram of Type 3, Run 1. 
Scale 1:3300 
2 3 3 
PLATE 5.4 Air Photo Stereogram of Type 4, Run 1. 
Scale 1:3100 
' 
I· 
1 
6 5 5 
PLATE 5.5 Air Photo Stereogram of Type 5, Run 1. 
Scale 1:3100 
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comprise a species group. A species group may have a high 
consistency because the dye layer densities (or dens ity 
deviations) of the individuals are all quite different fr om 
the second species and yet there may be an a ppreci able range 
in the values within the species itself. Alternati vely a 
species group may have a high consistency because, although 
the density deviations are not greatly different from the 
second species, they are very consistent within themselves. 
That is if species A consisted of a range of reds and browns, 
it would separate with a high consistency from species B with 
20 individuals of uniform blue-green colouration. So also 
would species C with 20 uniform yellow-green individua l s 
separate from species B with a high consistency. 
In order to give a visual impression both of the separa-
tion between crown colours of different species and o f t he 
crown colour uniformity within a single species, FIGURES 5.9 
to 5.14 were prepared. These figures are stereograms o f three 
dimensional models on which were plotted the spatial positions 
of the crown colours of selected species comparisons. (The 
met~ods of representing three dimensional data are discussed 
in APPENDIX 3). Each black shape represents the c rown c olour 
of one tree. The x,y and z co-ordinates are the red>green 
and blue normalized density deviations respectively. The 
data were normalized so that all density deviations were 
positive in order to facilitate plo~ting. For instance , giv en 
the density deviations of an individual crown colour as 
calculated in SECTION 4.4, 
red 0.10 
green 0.00 and 
blue -0.10, 
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and assuming that -0.10 was the largest negative deviation 
to be plotted on the graph, the normalized va lues would be: 
red 0.20 
green 0.10 and 
blue 0.00 
For convenience, density values are often multiplied by 100 
to eliminate decimals (Gourley et al. 1968). Accepting 
this convention, the co-ordinates of this crown colour on the 
data stereogram would be: 
red 20 
green 10 
blue 0. 
A different shape was used to represent each species and only 
half of the individuals in each species group were plotted to 
minimise cluttering. The plotted individuals were randomly 
selected. The shapes used to represent the species are shown 
in TABLE 5.5. 
TABLE 5 .5 Shapes Used to Represent Sp~cies in Data 
Stereograms 
SPECIES 
snow gum 
mountain gum 
broadleaved peppermint 
alpine ash (mature) 
alpine ash (regeneration) 
brown barrel 
manna gum 
SHAPE 
star 
square 
triangle 
circle 
cross 
semi circle 
diamond 
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This technique of portraying three dimensional data does 
not allow the values of the normalized density deviati ons to 
be read, but it gives a visual impression of the spatial dis-
tribution of the crown colours of different s pecies and of 
the crown colour uniformity within each species. 
The photographic runs which were selected for plotting 
in each case represent the time at which the highest SI was 
achieved for the species in the type. 
FIGURE 5.9 shows the spatial distribution of the crown 
colours of the three species in type 1 
in late July. At this time, the crown 
colours of snow gum (stars) and pepper-
mint (triangles) were highly separable, 
while the crown colours of neither s peci e s 
were highly separable from those o f moun-
tain gum (squares) . 
FIGURE 5.10 shows the spatial distribution of the c r own 
colours of the two species in type 2 i n 
late July. At this time, the crown c olours 
of mountain gum (squares) and ma ture 
alpine ash (circles) were inseparable . 
FIGURE 5.11 shows the spatial distribution of the crown 
colours of the two species in type 3 i n 
. early September. At this time, the c r own 
colours of brown barrel (semi ci rcles) and 
manna gum (diamonds) were highly separable. 
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FIGURE 5.12 shows the spatial distribution of the crown 
colours of the two species in type 4 in 
late May. At this time, the crown colours 
of mountain gum (squares) and peppermint 
(triangles) were highly separable. 
FIGURE 5.13 shows the spatial distribution of the crown 
colours of mature (circles) and regener-
ation (crosses) alpine ash in early 
November. At this time, the crown colours 
of the two ages of this species were 
poorly separable. 
FIGURE 5.14 shows the spatial distribution of the crown 
colours of two closely related species, 
mountain gum from type 2 (squares) and 
manna gum from type 3 (diamonds) in late 
February. At this time, the crown colours 
of the two species were separable. 
20 
• .. 
• 
20 
o,----,,--------
20 40 0 20 40 
.FIGURE 5. 9 Data Stereogram - Type 1, Snow 
Gum (stars.), Peppermint (triangles) 
and Mountain Gum (squares) in late 
July. 
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,FIGURE 5.10 Data Stereogram - Type 2, Mountain 
Gum (squares) and Mature Alpine 
Ash (circles) in late July. 
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FIGURE 5.11 Data Stereogram - Type 3, Brown 
Barrel (semi circles) and Manna 
Gum (diamonds) in early September. 
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FIGURE 5.12 Data Stereogram - Type 4, Mountain 
Gum (squares) and Peppermint 
(triangles) in late May. 
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FIGURE 5.13 Data Stereogram - Mature Ash 
(circles) and Regeneration Ash 
(crosses) in early November. 
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FIGURE 5.14 Data Stereogram - Mountain Gum, 
Type 2 (squares) and Manna Gum, 
Type 3 (diamonds) in late February. 
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6. DISCUSSION 
As has been previously mentioned, no attempt was made 
in this study to either identify the species by their crown 
colours orto determine standard colours for the species. Nor 
were the crown colours compared from month to month. To have 
done this, it would have been necessary to control all the 
f actors causing colour variation except those directly 
attributable to the differences in tree characteristics such 
as species and age. This would be theoretically possible but 
impractical, since to achieve the necessary control on all the 
f actors would require resources beyond those normally avail-
able. These factors, their control and their effects on the 
results of this study are discussed under the h e adings of 
'photographic' and 'non-photographic'. 
6.1 Photographic Factors 
6.1.1 Scale 
As seen in the literature review (Section 
2.3.2) it is a general rule that very large scales are 
advantageous for accurate species identification. Thus it 
wa s d eemed desirable to achieve as large a scale as was 
r ea sonably possible in this study. Moreover, a very large 
scale was important in view of the relatively large size of 
the smallest aperture available for the densitometer. That 
is, the tree crown image on the photograph must be ~arger in 
diameter than the smallest aperture in order to make meaning-
ful me as urement of image density possible. 
I n o r der to determine the practical problems of achieving 
very large scales, several preliminary trials were f lown over 
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the study strip at scales of 1:2000, 1:3000 and 1:4000 using 
the longest focal length lens available. The 1:4000 scale was 
eliminated because the majority of the tree crown images were 
too small for evaluation on the densitometer. The 1:2000 scale 
was eliminated because of the greater air turbulence experi-
enced by flying at the lower altitude over mountainous terrain 
and the reduced likelihood that the flights could be repeatedly 
flown with accuracy. The 1:3000 scale also presented diffi-
culties in that, although the air turbulence problem was 
reduced by a greater flying height, many of the tree crown 
images were still smaller than the smallest densitometer 
aperture. To achieve a larger scale without reducing the 
flying height, the evaluation was carried out on 2x linearly 
e nlarged colour diapositives which were at a scale of 1:1500. 
The desired scale and the method of obtaining it affected 
the results in a number of ways. A negative film was required 
(Section 6.1.2). A lack of control in printing ensued (Section 
6.1.3). And an exposure limitation was imposed by the camera 
(Section 6.1.4). 
6.1.2 Film 
The choice of film lay between the two aerial 
negative colour films which were readily available in 70 mm 
size. A preliminary trial was flown over the study strip using 
both films at a scale of 1:3000 in order to choose the more 
appropriate film. Both films were processed to negative and 
contact colo ur paper prints produced. In a purely subjective 
evaluation MS 2448 film was chosen on the basis of the degree 
of visual colour diffe.rentiation between the various species. 
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The Aerial Exposure Index of MS 2448 is eight when pro-
cessed to a negative which means it is a relatively slow 
fi lm. This imposed an exposure limitation on the three winter 
runs (Runs 3,4 and 5) which were underexposed by one f stop. 
This was compensated somewhat by shorter exposure times in the 
p rinting stage but there was a resultant shift in colour on 
the diapositives and they were still very dense, particularly 
in the shaded areas. 
This . dense shadow affected the results in several ways. 
It caused the elimination of some study trees due to their 
entire crowns being obscured from view. Other trees were 
accepted, but due to dense shadow on some parts of the crowns 
different portions had to be used for measurement on these 
wi nter runs than on the runs which were better exposed. This 
i n t roduced a possible source of variation through some sections 
o f the crowns having different morphological characteristics 
s uch as a larger proportion of epicorrnics or thinner foliage. 
The dense shadow on the winter runs also affected the results 
in that where the ground or understorey beneath a crown was 
i n s h adow it was virtually black. The solar altitude was low 
( 37 degrees or less) for these winter runs and consequently 
t he s hadow underlying a tree was not that of its own crown 
excep t for short trees. In a uniformly dense and comparatively 
short stand such as type 4 (canopy density 70 to 80 . percent -
a ve rage s t and heigh~ 22 metres) the natural separation of 
s pe c ies by crown colour was improved by a reduction of the 
i n fl uen c e of varying background colour since the background 
wa s uniformly black. On the other hand, in a broken uneven-
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canopie~ tall stand such as type 2 (canopy density soto 70 
percent - average stand height 32 metres) the influence of 
variation in background colour was increased. Some trees had 
a black shaded background while others had a green or brown 
sunlit background. This effect is discussed further in 
Section 6.2.1. 
6.1.3 Processing and Printing 
In any study of colour on aerial photographs 
it i s desirable that there be quality control of the pro-
cessing and printing stages. In addition to the steps taken 
f or photographic control, (described in Section 4.2.2) such 
as film batch continuity and film storage, a sensitometric 
step wedge was exposed on each piece of film before exposure. 
Had the films been processed to positive transparencies, then 
the wedges would have provided the controlled standards 
n c essary to allow comparisons to be made between runs and the 
ana lyses could have been carried out on exposure values 
rather than on densities. The advantage in this lies in the 
elimination of the variation in density caused by variation 
in exposur e. However, the film was processed to negative. 
The characteristic curves of the negatives were constructed 
from densitometric measurements of the step wedges. These 
showed a variation in the colour characteristics of the nine 
films but were of -little other use since the crown ·colours 
were n o measured on the negative. The practical limitation 
of available resources prevented the printing of a step 
wedge wi th each enlarged diapositive. As a result between-
run comparisons were not possible and the results are sub ject 
to t he limitation that the analyses were performed on 
d ns ities rather than exposure values. 
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Processing the film to negative and carrying out the 
analysis on enlargements caused an additional source of colour 
variation between diapositives, in that automatic printing was 
not possible. Although each diapositive within a run was 
printed with constant colour filtration, variations in print-
ing exposure time and in processing caused slightly different 
colour development between frames. This variation presumably 
affected the results since in most cases a species group was 
spread over several frames. 
6.1.4 Camera Equipment 
The nature and quality of the camera affected 
the results in several ways. To achieve the desired scale 
while maintaining the maximum flying height it was necessary 
to u se the longest focal length lens ava i lable (305 mm). The 
maximum aperture of this lens was f/4.0. A shutter speed of 
1/5 00 of a second was used to minimise image motion. These 
wo f actors, combined with the film speed and the solar 
altitude at the time of photography resulted in the under-
expo s ure of the winter runs and the resultant problems 
di s cussed in Section 6.1.2. The Vinten camera was used in 
preference to another make which was available due to the 
requirement for a yery fast film recycling rate to qchieve 
stereo ov rlap at 1:3000 scale. Malfunctions of the camera 
caus ed the deletion of some runs and serious blurring of 
half of e a ch frame on the early November run. The blurring 
may have affected the colour of the crowns by running to-
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gether the various crown components such as branches, open-
ings and sunlit and shaded foliage, however, it was necessary 
to include this run to avoid a three month gap between runs. 
6.1.5 Frequency and Time of Photography 
To determine the influence of season on the 
separability of the crown colours frequent photography over 
the period of a year was necessary. The aim was to achieve 
monthly photo runs and to keep the variation in solar altitude 
between runs to a minimum by selecting the time of day for 
photography, but the actual frequency and time of day was 
determined by several practical restraints. 
The nature of the photographic equipment necessitated 
the use of a light aircraft which had been modified to 
include two holes in the floor - one for the camera and one 
for the drift sight. Weather conditions, and the fact that 
there was only one suitably modified aircraft available at 
any one time determined the time and frequency of photography 
to a large degree. Frequently when the weather would permit 
photography the aircraft was unavailable for one of a number 
of reasons. Camera malfunctions also affected the frequency 
while off-line navigation caused the deletion of another run. 
The actual time of day of photography was mainly deter-
mined by aircraft availability and a wide range in solar 
altitude between runs resulted. The effect of this variation 
was to cause the trees to look quite different on each run due 
to varying amounts of included and superimposed shadows. 
There were three main ways in which shadows affected the 
results: the influence of the very dense shadows on the three 
winter runs was discussed in Section 6.1.2; light shadows 
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in the crowns of some trees on all runs necessitated the 
use of density deviations rather than density values in the 
analyses as explained in Section 4.4; and finally , t he 
location of the sunlit portion of the crown determined f or 
many trees on each run the location and size of t he a r ea 
available for density measurement and in some cases t his meant 
that atypical sections of crowns were measured. However , 
if a tree met all the selection criteria as described i n 
Section 4.1 then it was accepted despite these add i t i onal 
sources of variation. 
6.1.6 Method of Colour Measurement 
In many cases, there was a visible d ifference 
in crown colour between various species when viewing t h e 
photographs stereoscopically. Some of these differences d id 
not show up in the analyses of density deviations. For a 
large part, the method of colour measurement was responsible 
for this disparity. When viewing the crowns stereoscopical l y 
it was easy to separate the foliage from the background of s oi l 
or vegetation which lay below and which showed through the 
smallest openings in the crown. The densitometer on the othe r 
hand, with its monocular view was unable to separate crown 
from background and in effect averaged the colours o f both . 
Nonetheless, a sensitometric approach eliminated the possi -
bility of operator bias and inconsistency inherent with a 
colour comparison or evaluation by a human interpreter . 
Possible solutions to this problem would have been t o use a 
larger scale or to make the measurements with a micro -
densitometer. 
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6.2 Non-Photographic Factors 
As well as the photographically caused variat i ons in 
crown colour, there were numerous natural vari ables involved 
other than simple species and age differences. The most 
important of these were background and crown morph ology vari-
ations and phenological variations. 
6.2.1 Background and Morphological Variati ons 
Since the monocular view of the dens itometer 
could not differentiate between crown foliage and its b ack-
ground, the lack of uniformity of the understorey o r g round 
surface contributed to the variability of density re a din g s 
in-so-far-as it showed through the canopy at the point o f 
measurement. 
The background variability was caused by varia tion s i n: 
1. the species composition or density of the un derstorey 
vegetation; 
2. the nature of the ground surface or ground cover ; 
and 
3. the amount and intensity of shadow. 
The degree of influence of the background was heavily de -
pendent on the foliage density and foliage disposi tion o f the 
subject tree. 
Background variation was a particularly importan t factor 
in types 1 and 2 due to the thin foliage of the peppermin t 
in type 1 and of the mature alpine ash in type 2. The 
problem was aggravated in type 1 in October by an i nsec t 
attack on some of the peppermint crowns which furthe r reduce d 
the foliage density of the affected trees. This e ffect is 
shown in both FIGURES 5.1 and 5.3 by the lower SI' s . 
In the analyses, 12 individuals out of the 200 subject 
trees were repeatedly omitted from inclusion with the 
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majority of trees in their species groups. Further field and 
photo checking provided possible explanations for some of these 
inconsistencies but not all. One tree which was regularly 
omitted had dense epicormic foliage over 75 percent of its 
height. Another tree had a very dense branching network 
under a fairly thin foliage and thus an inordinate amount of 
grey branch material showed through the crown. Another was 
found to have unusually thin foliage and be underlain by an 
open scree slope which increased the amount of light reflected 
from the ground through the crown. Other inconsistencies were 
thought~have been associated with understorey species 
differences, but in some cases there was no obvious explan-
ation. In these cases, presumably the abnormal colour was 
due to genetic variation. 
6.2.2 Phenological Variation 
Phenology of the trees within a type caused 
colour variations. Each of types 1 to 4 ranged over an alti-
tude variation of at least 70 metres which affected the stage 
of development of such processes as flowering, leaf flushing , 
leaf development and leaf fall. For instance, in type 3 on 
the April run four subject trees of manna gum were flowering 
on the upper slopes of the type while none on the lower 
slopes were flowering. Presumably the lower slope trees had 
ceased flowering prior to photography. Ground observations 
in June revealed a progression in degree of leaf flush (and 
resultant red tinge) in snow gum in type 1 from the top 
toward the bottom of the slope. 
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Phenological processes did not always produce increased 
crown colour variation within species. Differential occur-
rence of leaf flush or flowering between species sometimes 
enhanced the separability of the crown colours. Examples 
are discussed in the following section. 
6.3 Discuss~on of Results 
Not withstanding the limitations and colour varia-
tions imposed by the photographic and non-photographic factors, 
a considerable amount of information was obtained about the 
separability of crown colours on very-large-scale colour 
aerial photographs through this study. 
The crown colours of snow gum and peppermint in type 1 
were highly separable on the runs flown from early May to 
early September and again in early November. The crown 
colours of brown barrel and manna gum in type 3 were highly 
separable on the run flown in early February and on tho se 
from late May to early September. The crown colours of 
mountain gum and peppermint in both type 1 and type 4 were 
highly separable on the two May runs. No other crown colours 
were highly separable at any time of photography. In other 
words 22 out of the 25 SI's which fell into the 'highly 
separable' range (SI greater than 7.9) occurred on the runs 
flown from early May to early September (TABLE 5.3). The 
crown colours of .snow gum and mountain gum in type 1 were 
separable on the early February run and the early November run, 
but poorly separable or inseparable on all other runs. The 
crown colours of mountain gum and mature alpine ash i n ty pe 
2 and the crown colours of mature alpine ash in typ e 2 and 
I I 
I 
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regeneration ash in type 5 were poorly separable or insepar-
able on all runs. 
The crown colours of mountain gum in type 2 and manna 
gum in type 3 were poorly separable or inseparable on all 
run~ except the one in late February at which time they were 
separable. In addition, late February was the only time when 
the crown colours of brown barrel and manna gum in type 3 
were inseparable. This would tend to indicate that the 
colour of manna gum shifted at this time of year away from 
its normal colour to one more closely resembling that of 
brown barrel. (Normal is defined as the usual photo colour 
of a species on the photos used in this study). In fact, a 
close examination of the photos reveals this to be true. The 
normal photo colour of both mountain gum and manna gum is a 
yellowish green and that of brown barrel is a bright green. 
However, on the late February run, the manna gum shifted to 
a brighter green while mountain gum remained its normal yellow-
ish green. This shift in photo colour was likely due to a 
reduction of the foliage density of the manna gum through 
insect attack or heavy leaf shed, thus allowing more of the 
bright green understorey to show through the canopy. 
The best separation of the crown colours of mountain 
gum and peppermint on two different sites occurred on the 
two May runs. On .the other runs the colours of the two species 
were not highly separable on either site. The explanation for 
the separation at this time of the year was that the pepper-
mint trees were putting on a new flush of leaves. The new 
leaves and petioles and small branchlets were predominantly 
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red in colour and gave the crown an overall reddish cast. 
This heightened the difference between peppermint and mountain 
gum since the latter was not flushing. The ve ry good separa-
tion of the crown colours of these two species i n type 4 on 
the late May run was marked by an SI of 9.5,one of the 
highest achieved in the study. Type 4 was on a lower more 
protected site than type 1 and consequently many o f the moun-
tain gum in the former were in flower in late May while those 
in the latter had not yet begun to flower. The in flores cences 
gave the trees a bright yellowish cast contrasting with the 
reddish cast of the peppermint to produce the excellent 
separation of the crown colours of the two species. 
Bradshaw (personal communication 1975, Forests Depart-
ment of Western Australia) described the use of the flower -
ing of a single species of eucalypt to determine flying time 
for aerial photographs on which it is desired to identify 
species. This technique has the limitation that the inte r -
preter tends to rely very heavily on the flowering for species 
separation. Should a significant number of individuals of 
the .species have not yet begun to flower or have finished 
flowering at the time of photography then a large error in 
identification may result. This is more likely to be a 
problem in steep terrain such as in the study area than in 
the flatter country in which Bradshaw was working. 
The single species whose individuals showed the greatest 
variability in crown morphology both within and between trees 
was the mature alpine ash of type 2. At no time of the year 
was the crown colour of the mature ash separable from that of 
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its associated mountain gum or from that of second growt h 
of the same species. This result was probably due more to 
the variability in crown morphology and consequent unsuita-
bility of the mature mountain ash crowns for mea surements by 
the densitometer method than to a lack of a uniform colour 
for the species. The species was described earlier as having 
an open spreading branching habit, thin foliage, many dead 
tipped branches and clumps of dense epicormic foliage. 
Because of the superimposed shadow effect discussed previously, 
it was difficult to make measurements on the same portions 
of the trees on each run. The background shadow effect was 
important because of the thin foliage and because of the open 
nature of the stand causing great contrast between shaded and 
sunlit understorey. All these factors rendered the spe ci e s a 
poor subject for measurement by the densitometer method. 
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7. CONCLUSION 
The objective of this study was to test the hypothesis 
that on large scale colour aerial photographs individual 
eucalypt species have relatively consistent crown colours 
which are different from other species. The hypothesis was 
determined to be true at certain times of the year for some 
of the species studied and false at all times for others. It 
was not true throughout the year for any species. The period 
of best separation of the largest number of crown colours 
was from early May to early September with the peak occurring 
in May. 
In a photo interpretive project more characteristics 
than crown colour must be taken into consideration for accurate 
species identification. These factors were discussed in 
the literature review. Crown colour would have been one use-
ful characteristic for species identification for those 
species and at those times of the year for which the hypo-
thesis was found to be true but not for those for which the 
hypothesis was found to be false. 
The species separations in which crown colour has been 
shown to be useful at some time of the year have not all been 
of commercial importance. While the separation of mountain 
gum (commercially important) from peppermint (unimportant) 
and of brown barrel from manna gum (both important) would be 
useful information to the commercial forester, the separation 
of snow gum and peppermint would be of little interest to 
him. On the other hand, the separation of any of these species 
would be important in vegetation mapping or ecological studies. 
( 
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One limitation on the extrapolation of the results of 
this study to other specie s, other areas and o t her year s is 
that many of the colours that were highly separable we re due, 
at least partially to the occurrence of certain phenologic a l 
processes such as leaf flush and flowering. These proces ses 
are subject to variation by species, by location and by year. 
Future work should aim at testing the results of thi s study 
for the same species in other years and in other a rea s and 
for different species. Also, if possible, futur e work should 
be done on 1:1500 scale positive transparencies s o that the 
characteristic curves of the fi l m may be constructed and the 
analyses executed on the basis of exposure values rather t h an 
density readings. 
Notwithstanding the foregoing limitation, based on t h e 
results of this study, in large scale aerial photographic 
projects in the alpine areas of southeastern New South Wa les 
and the Australian Capital Territory tree species identifi -
cation should be enhanced through the use of crown c olour a s 
one identifying characteristic on colour photography flown 
in late autumn or early winter. 
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APPENDIX 1 - COMMON AND SCIENTIFIC NAMBS MENTIONED IN 1rHE 
TEXT 
Tree, Shrub and Plant Species 
alpine ash, Eucalyptus delegatensis R.T.Bak. 
amabilis fir, Abies amabilis (Dougl.) Forbes 
apple box, Eucalyptus bridgesiana R.T.Bak. 
apples, Angophora spp. 
ash, Fraxinus spp. 
balsam fir, Abies balsamea (L.) Mill. 
belah, Casuarina cristata Miq. 
blackbutt, Eucalyptus pilularis Sm. 
blackwood, Acacia melanoxylon R. Br. 
bracken fern, Pteridiurn esculentum (Forst. f.) Nakai 
broadleaved peppermint, Eucalyptus dives Schau. 
brown barrel, Eucalyptus fastigata Deane et Maiden. 
brush box, Tristania conferta R. Br. 
bull oak, Casuarina leuhmannii R.T.Bak. 
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cypress pine, Callitris glauca R. Br. ex R.T.Bak. et H.G. Sm. 
daviesia, Daviesia spp. 
dog~ood, Cassinia aculeata (Labill) R. Br. 
Douglas fir, Pseudotsuga menziesii (Mirb.) Franco. 
eucalypts, Eucalyptus spp. 
giant sequoia, Sequoia gigantea (Lindl.) Deane. 
gums, Eucalyptus spp. 
jarrah, Eucalyptus marginata Sm. 
junipers, Juniperus spp. 
karri, Eucalyptus diversicolor F. Muell. 
larch, Larix spp. 
I 
lodgepole pine, Pinus contorta Dougl. 
manna gum, Eucalyptus viminalis Labill. 
mountain ash, Eucalyptus regnans F. Muell. 
mountain gum, Eucalyptus dalrympleana Maiden. 
needlebark stringybark, Eucalyptus planchoniana F. Mue ll. 
' 
okoume,Aucoumea klaineana Pierre 
peppermints, Eucalyptus spp. 
persoonia, Persoonia spp. 
pines, Pinus spp. 
pinyon pines, Pinus spp. 
ponderosa pine, Pinus ponderosa Laws. 
red oak, Quercus rubra L. 
red pine, Pinus resinosa Ait. 
shining gum, Eucalyptus nitens Maiden. 
shortleaf pine, Pinus echinata Mill. 
snow gum, Eucalyptus pauciflora Sieb. ex Spreng. 
spruce, Picea spp. 
stringybarks, Eucalyptus spp. 
sugar maple, Acer saccharurn Marsh. 
wa~tle, Acacia spp. 
white elm, Ulmus americana L. 
white pine, Pinus strobus L. 
white spruce, Picea glauca (Moench.) Voss. 
Insect Species 
spruce budworm, Choristoneura fumiferana Clem. 
Black Hills bark beetle, Dendroctonus ponderosa Hop K. 
Douglas fir tussock moth, Hemerocampa pseudotsugata Mc. D. 
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balsam woolly aphid, Adelges piceae Ratz. 
white pine weevil, Pissodes pini L. 
Fungal Species 
eucalypt dieback, Phytophthora cinnamomi Rands. 
fomes root rot, Fornes annosus (Fr.) Karst. 
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APPENDIX 2 - FIELD TRANSPARENCY VIEWER 
The initial tree selection and ground truth data collec-
tion for this project were carried out on 70 mm contact paper 
prints. The methods for stereoscopic viewing of prints in 
the field are well established. However, for subsequent field 
checking and reselection of trees it was necessary to use the 
2x enlarged colour diapositives (Section 4.1). One major 
drawback of transparent aerial photos is the difficulty of 
viewing them stereoscopically in the field since this re-
quires transmitted light. 
Several workers have overcome the problem by construc-
ting portable light tables powered either by batteries con-
tained within the table itself or in a separate pack (Wear 
1960; Parker 1971; Totterdell and Nebauer 1973). The 
weight of batteries generally limits the practical use of 
such devices, particularly when working some distance from 
roads in rough terrain or densely forested areas. Bird of 
the Forestry and Timber Bureau's Tasmanian Research Station, 
Hobart, (personal communication) constructed a 70 mm light 
table weighing only 2.5 kg including batteries, which 
utilizes a portable fluorescent torch to illuminate a white 
perspex viewing platform. 
Another method of viewing transparencies in the field 
is by attaching them and a stereoscope to a transpar nt piece 
of perspex and holding it up to the sky for viewing . ~his 
is a very uncomfortable position, and under forest viewing 
conditions crown foliage frequently prevents a clear view of 
the sky and the resultant dappled light makes photo interpre-
tation difficult. 
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To overcome these problems a very light, compact and 
simple device was developed, which· eliminated the necessity 
for batteries, fluorescent tubes, wiring, switches and heavy 
framing while still maintaining a comfortable position for 
viewing. The viewer utilizes sunlight or skylight reflected 
from a white board through a transparent viewing stage to 
which the photos and a light lens stereoscope are firmly 
attached. The viewing stage is hinged to the reflecting 
board and may be fixed at angles of up to 60° by an adjust-
able supporting arm to obtain the maximum reflected light. 
The entire device, including the stereoscope, weighs less 
than 800 g. When set up for viewing with stereoscope in 
place it measures 280 x 260 x 200 mm. When not in use it 
folds into a flat shape of 280 x 260 x 20 mm. The viewer 
was constructed to accept the 2x enlarged diapositives which 
measured overall 120 x 120 mm. (PLATE A.l shows a smaller 
version of the viewer in use. This version was designed 
for use with 70 mm contact size transparencies and weighed 
less than 500 g). 
The reflecting board is a piece of 8 mm thick plywood 
painted flat white. The viewing stage is a sheet o f trans-
parent perspex, which is hinged to the front ' edge o f the 
reflecting board. The two small butt hinges are recessed to 
allow the viewing stage to lie flat when folded. The support-
ing arm, cut from thin sheet aluminium, allows the viewi n g 
stage to be set at various angles by means of a knurled nut, 
which slides along the arm and is attached to the s tage . The 
stereo pair is held to the viewing stage by two heavy r ubbe r 
PLATE A.l Field Transparency Viewer in 
Use with a Contact Size 70 mm 
Stereo Pair 
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bands running across the edge of the photos. The stereoscope 
is clamped to the viewing stage by means of two bulldog clips 
lined with thin rubber to prevent the metal legs of the 
stereoscope from slipping. The viewer was constructed in a 
few hours, and the materials cost about $5.00. 
The main advantages of the viewer are its light weight, 
compact size, simplicity of design and convenience of use 
when the stereoscope and photos are firmly held to the view-
ing stage. The main disadvantage is the reliance on adequate 
natural illumination for effective use, although this was not 
a problem in this study. 
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APPENDIX 3 - THREE DIMENSIONAL GRAPHS 
To display three dimensional data on a two dimensional 
plane is a problem which has confronted scientists in many 
fields and several solutions have been proposed. 
Perhaps the most common and simplest solution has been 
to plot two graphs repeating one of the variables. That is, 
if individual A has three variables x, y and z, the first 
graph might plot x against y and the second might plot y 
against z. Heller et al. (1964) demonstrated this technique 
in plotting the Munsell Color Notations of photographe d tree 
species. The first graph was a plot of Munsell value and 
chroma, the second was Munsell hue and chroma. Although this 
method allows the accurate reading of the values of the 
variables from the graphs, it helps very little in the per-
ception of the position of the individual object in three 
dimensional space. 
Another common method of representing three dimensional 
data is by perspective drawings. Response surfaces are an 
example of this technique. Gadgil (1974) used a response 
surface to show the effect of temperature and leaf wetness 
period on the germination of conidia of a needle blight 
fungus on radiata pine. The x and y axis were wetness period 
and temperature and the z axis was percent germination. By 
plotting the germination for each combination of wetness 
period and temperature and joining the points, a continuous 
response surface was formed. Sayn-Wittgenstein (1971) 
photographed a physical three dimensional model of a com-
puter generated response surface ·which showed tree volume 
144 
response to height and crown area. This technique is useful 
for continuous data such as a response surface, but is not 
applicable to the representation of independent individuals 
in three dimensional space. 
Another technique which can greatly enhance the pre-
sentation of three dimensional data is the use of stereo-
grams. The prime disadvantage of this technique is the need 
for a stereoscope with which to view the stereograms. This 
is not an unrealistic expectation when the subject relates 
to aerial photography. Hansen (1973) used a graphical 
stereogram to show the locations of 16 objects as given by 
their normalized dye layer densities on colour aerial photo-
graphs. In the present project, a variation of this tech-
nique was used for the representation of crown colour loca-
tions based on their normalized dye layer density deviations 
from the visual density. A three dimensional model of the 
normalized deviations was constructed and the model was 
photographed in stereo from directly above. The photos were 
then mounted to produce a stereogram of the data. It must 
be ~mphasised that the stereogram is not designed to be a 
graph from which the reader can extract values for the 
variables but rather it is a visual display of the location 
of three dimensional data in space. 
The model base was designed to be reused indefinitely 
for different sets of data. It was constructed out o f two 
superimposed sheets of pegboard separated by 25 mm spacers. 
The pegboard contained small holes arranged in a 25 nun grid 
pattern. The top of the base was covered with white paper 
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and a scale was drawn on the x and y axes. The scales of 
the x, y and z axes were equal and represent the red, green 
and blue normalized deviations respectively (multiplied by 
100 to eliminate decimals). The data was plotted by means 
of small black cardboard shapes attached to the tops of thin 
steel rods cut to the appropriate lengths and inse rted through 
the appropriate holes in the base. The dimensions of the 
model and the scales are incidental and may be chosen for each 
set of circumstances, but in this project, the model occupied 
about one cubic metre. The model was photographed horizon-
tally with the base standing on its side. The camera was 
stationed at an appropriate distance so that the model 
occupied the complete field of view. A series of trials 
revealed that the appropriate camera separation to achieve 
an exaggerated yet easily viewed stereo model was about 1/10 
of the distance of the camera from the base. 
